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attachments. »on-covalent attachment generally is accompli shscl by 
coating the solid surface with a solution of the VEGF-E polypeptide 
and drying, alternatively, an immobilized antibody, e.g.,, a 
monoclonal antibody, specific for the VEGF-E polypeptide to be 
immobilised can be used to anchor it to & solid surface. The assay 
is performed by adding the non- immobilised component, which may be 
labeled by a detectable label, to the immobilized component, e.ty. 
the coated surface containing the anchored component. When the 
reaction is complete, the non- reacted components are removed " 
by washing, and complexes anchored on the solid surface are 
detected. When the originally non-immobilized component carries a 
detectable label, the detection of label immobilized on the surface 
indicates that completing occurred. Where the originally non- 
immobilized component does not carry a label, complexing can be 
detected, for example, by using a labeled antibody specifically 
binding the immobilised complex. 

If the candidate compound interacts with but does not bind to 
a particular VEGF-E polypeptide encoded by a gene identified herein, 
its interaction with chat polypeptide can be assayed by methods well 
known for detecting protein-protein interactions. Such assays 
include traditional approaches, such as, e.g., cross- linking, co- 

chromatographic columns. In addition, protein-protein interactions 



246 {1989}; Chi en et al., Free 




{19915) as disclosed by Chevray and Nathan 
USA, 89: 5789-5793 (1991) . Many transcriptional activators, such as 
yeast GAL 4 , consist of two physically discrete modular domains, one 
acting as the DNA-binding domain, the other one functioning as the 
transcription-activation domain. The yeast expression system 
described in the foregoing publications (generally referred to as 
the "two-hybrid system") takes advantage of this property, and 
employs two hybrid proteins, one in which the target protein is 
fused to the USA-binding domain of GAL 4, and another, in which 
candidate activating proteins are fused to the activation domain. 
The expression of a GALl-lacZ reporter gene under control of a GAL4- 
activatsd promoter depends on rsconstitation of GAL 4 activity via 
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protein-protein interaction. Colonies containing interacting 
polypeptides are detected with a chroiaogenic substrate for p- 
galactosidase. A complete kit {MATCHMAKER™} for identifying 
protein-protein interactions between two specific proteins using the 
S two-hybrid technique is coaasercially available from clontech. This 

specific protein interactions as well as to pinpoint amino acid 
residues thai, are crucial for these interactions. 

Con-pounds that interfere with the interaction of a gene 
10 encoding a VSGf'-S polypeptide identified herein and other intra- or 
extracellular components can be tested as follows: usually a 
reaction mixture is prepared containing the product of the gene and 
the intra- or extracellular component under conditions and for a 
time allowing for the interaction and binding of the two products. 
IS To test the ability of a candidate compound to inhibit binding, the 
reaction is run in the absence and in the presence of the test 
compound. In addition, a placebo may be added to a third reaction 
mixture, to serve ess positive control. The. binding (complex 
formation; between the test compound and the intra- or extracellular 

as described 
te control reaction {s} 
i test compound 
.th the interaction of 

-y to stimulate the 
proliferation of endothelial ceils in the presence of the co -mitogen 
ConA, then one example of a screening method takes advantage of this 
acxrity. Specifically, in the proliferation assay, human umbilical 
vein endothelial ceils are obtained and cultured in 96-weii flat- 
30 bottomed culture plates {Costar, Cambridge, MA; and supplemented 

with a reaction mixture appropriate for facilitating proliferation 
of the cells, the mixture containing Con-A {Calbiochem, La Jolla, 
CA) . Con -A and the compound to be screened are added and after 
incubation at 37 »C, cultures are pulsed with 3 "H~thymidine and 
35 harvested onto glass fiber filters {phD; Caabridge Technology, 
Watertown, MA}. Mean f H } thymidine incorporation fcpra) of 
triplicate cultures is determined using a liquid scintillation 
counter {Seckman Instruments, Irvine, CA) . Significant 3 ' 



proponent present in the mixture is monitor: 
lerelnabove. The formation of a complex in 
>ut not in the reaction mixture containing 
ndicates that the test compound interferes 
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(H) thymidine incorporation indicates stimulation of endothelial cell 
proliferation. 

To assay f«* antagonists, the assay described above is 
performed; however, in this assay the V56F-S polypeptide is added 
5 along with the compound to be screened and the ability of the 

compound to inhibit 3 *{H) thymidine incorporation in the presence of 
the VEGF-B polypeptide indicates that the compound is an antagonist 
to the VEGF-E polypeptide. Alternatively, antagonists may be 
detected fay combining the VEGF-S polypeptide and a potential 
iO antagonist with membrane-bound VSGF-E polypeptide receptors or 

recombinant receptors under appropriate conditions for a competitive 
inhibition assay. The VSGF-E polypeptide can be labeled, such as by 
radioactivity, such that the number of VSGF-E polypeptide molecules 
bound to the receptor can be used to determine the effectiveness of 

15 the potential antagonist. The gene encoding the receptor can be 
identified by numerous methods known to those of skill in the art, 
for example., iigand panning and FAC3 sorting. Coligan at al. f 
Siillgg^ Pro tocols in Immun . , 1(2) ; Chapter 5 (1991}. Preferably, 
expression cloning is employed wherein polyadenyiated SNA is 

20 prepared from a cell responsive to the VEGF-E polypeptide and a cDNA 
Horary created from this RNA is divided into pools and used to 
transfect CCS calls or other cells that are not responsive to the 
VEGF-E polypeptide. Trans feet ed cells that are grown on glass 
slides ate exposed to labeled VEGF-E polypeptide. The VEGF-E 

25 x . 'c^f ide can be labeled by a variety of means including 

iodination or inclusion of a recognition site for a site-specific 
protein kinase. Following fixation and incubation, the slides are 
subjected to autoradiographic analysis. Positive pools are 
identified and sub-pools are prepared and re-trans fected using an 

30 interactive sub-pooling and re-screening process, eventually 
yielding a single, clone that encodes the putative receptor. 

As an alternative approach for receptor identification, 
labeled VSGF-E polypeptide can be photoaf* f inity-linked with cell 
membrane or extract preparations that express the receptor molecule, 

35 Cross-linked material is resolved by PAGE and exposed to X-ray 

film. The labeled complex containing the receptor can be excised, 
resolved into peptide fragments, and subjected to protein micro- 
sequencing. The amino acid sequence obtained from micro- sequencing 
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would foe used to design a set of degenerate oligonucleotide probes 
to screen a cDNfi library to identify the gene encoding the putative 
receptor 

In another assay for antagonists, mammalian cells or a 
5 membrane preparation expressing the receptor would be incubated with 
labeled VEGF-E polypeptide in the presence of the candidate 
compound. The ability of the compound to enhance or block this 
interaction could then be measured. The compositions useful in 

the treatment of cardiovascular, endothelial, and angiogenic 

iO disorders include, without limitation, antibodies, small organic and 
inorganic molecules, peptides, phosphopeptides, antisen.se and 
rifooayme molecules, triple-helix molecules, etc., that inhibit the 
expression and/or activity of the target gene product, 

More specific examples of potential antagonists include an 

15 oligonucleotide that binds to the VEGF-E polypeptide, (poly) peptide ■ 
immunoglobulin fusions, and, in particular, antibodies including, 
without limitation, poly- and monoclonal antibodies and antibody 
fragments, single-chain antibodies, ant i- idiotypic antibodies, and 
chimeric or humanized versions of such antibodies or fragments, as 

20 well as human antibodies and antibody fragments. Alternatively, a 
potential antagonist may be a closely related protein, for example, 
a mutated form of the VEGF-E polypeptide that recognises the 
receptor but imparts no effect, thereby competitively inhibiting the 
action of the VEGF-E polypeptide. 

25 Another potential VEGF-E polypeptide antagonist is sti 

antisense RNA or DNA construct prepared using antisense technology, 
where, e.g., an antisense RNA or DBA molecule acts to block directly 
the translation of mRNA by hybridizing to targeted asRNA and 
preventing protein translation. Antisense technology can be used to 

30 control gene expression through triple-helix formation or antisense 
DMA or RSA, both of which methods are based on binding of a 
polynucleotide to DNA or ERA. For example, the 5' coding portion of 
the polynucleotide sequence, which encodes the mature VEGF-E 
polypeptides herein, is used to design an antisense RSA 

35 oligonucleotide of from about 10 to 40 base pairs in length. A DNA 
oligonucleotide is designed to be complementary to a region of the 
gene involved in transcription {triple helix - see Lee at al., Nucl . 
Acids Res ■ , 6: 3073 {1979}; cooney et al, r Science , 241: 456 (1988; ; 
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Dervan at al., Science, 251: 1360 (1391) }, thereby preventing 
transcription and the production of the VEGF-3S polypeptide. The 
antisense RNA oligonucleotide hybridizes to the mP,m in vivo and 
blocks translation of the mRNR molecule into the VEGF-E polypeptide 
{antisense - Oka no, Nearochem., 56: 560 (1991) ; 

t r*-~ t.\t-r ^ s_ vJ 



(CKC Press: Boos Raton, Ft, 1988;, The oligonucleotides described 
above can also be delivered to ceils such that the antisense SNA 
DNA may be expressed in vivo to inhibit production of the VSGP-S 
polypeptide. When antisense DNA is used, oligodecxyribonueleotides 
derived from the translation-initiation site, e.g., between about - 
10 and +10 positions of the target gene nucleotide sequence, are 
preferred. 

Potential antagonists include small molecules that bind to the 
active site, the receptor binding site, or growth tan tor or other 
relevant binding site of the VEGF-E polypeptide, thereby blocking 
the normal biological activity of the VEGF-E polypeptide. Examples 
of small molecules include, but are not limited to, small peptides 
or peptide-like molecules, preferably soluble peptides, and 
synthetic non-peptidyi organic or inorganic compounds. 

Ribozymes are enzymatic SNA molecules capable of catalyzing 
the specific cleavage of RKA. Riboaymes act by sequence-specific 
hybridisation to the complementary target RNA, followed by 
andonucieolytic cleavage. Specific r isozyme cleavage sites within a 
potential SNA target can be identified by known techniques. For 
static nl - ■.*■,<-> o , - - L _ 

(1994), and per publication No. WO 97/33551 (published September 18, 
1997) . 

Nucleic acid molecules in triple-helix formation used to 
inhibit: transcription should be single-stranded and composed of 
deoxynucieotides. The base composition of these oligonucleotides is 
designed such that it promotes triple-helix formation via Hcogsteen 
base-pairing rules, which generally require sizeable stretches of 
purines or pyrimidines on one strand of a duplex. For further 
details see, e.g., PCT puoiication So. WO 97/33551, supra. 

These small molecules can be identified by any one or more of 
the screening assays discussed hereinabove and/or by any other 
screening techniques well known for those skilled in the art. 
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±h types of Cardiovascular, Endothelial, and Angiog enic 

Disorders 

to be T reated 

5 The VEGF-E polypeptides, or agonists or antagonists thereto, 

that have activity in the cardiovascular, angiogenic, and 
endothelial assays described herein, and/or whose gene product has 
oeen Sound to be localized to the cardiovascular system, are likely 

10 endothelial ana angiogenic disorders, including systeaic disorder* 
that affect vessels, such as diabetes mellitus. The VEGF-E molecules 
herein have a number of therapeutic uses associated with surviv* 1 
proliferation and/or different ion of cells. Such uses include the 
treatment of umbilical vein endothelial cells, in view of the 
15 demons traced ability of VEGF-E to increase survival of human 

umbilical vein endothelial cells. Treatment may be needed if the 
vein were subjected tc traumata, cr situations wherein artificial 
means are employed to enhance the survival of fche umbilical vein, 
for example, where it is weak, diseased, based on &n artificial 
20 matrix, or in an artificial environment, other physiological 

conditions that could be improved based on the selective mitogenic 
character of VEGF-E are siso included herein. Uses also include the 
treatment of fibroblasts and myocytes, in view of the demonstrated 
ability of VEGF-E to induce proliferation of fibroblasts and 
25 hypertrophy xn myocytes. In particular, VSGF-E can be used in wound 
healing, tissue growth and muscle generation and regeneration. 

Their therapeutic utility could include diseases of the 
arteries, capillaries, veins, and/or lymphatics. Examples of 
treatments hereunder include treating muscle wastinc disease, 
30 treating osteoporosis, aiding in implant fixation to stimulate the 
growth of cells around the implant and therefore facilitate its 
attachment to its intended site, increasing IGF stability in tissues 
or in serum, if applicable, and increasing binding to the IGF 
receptor {since IGF has been shown in vitro to enhance human marrow 
35 erythroid and granulocytic progenitor cell growth! . 

The VEGF-E polypeptides or agonists or antagonists thereto may 
also be employed to stimulate erythropoiesis or granulopoiesis, to 
stimulate wound healing or tissue regeneration and associated 
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therapies concerned with re-growth of tissue, such as connective 
tissue, skin, bone, cartilage, muscle, lung, or kidney, to promote 
angiogenesis, to stimulate or inhibit migration of endothelial 
cells, and to proliferate the growth of vascular smooth muscle and 
endothelial ceil production. The increase in angiogenesis mediated 
by VEGF-E polypeptide or antagonist would be beneficial to ischemic 

subsequent to coronary stenosis, Antagonists are used to inhibit 
the action of such polypeptides, for example, to limit the 
production of excess connective tissue during wound healing or 
pulmonary fibrosis if the VEGF-E polypeptide promotes such 
production. This would include treatment of acute myocardial 
infarction and heart failure. 

Moreover, the present invention concerns the treatment of 
cardiac hypertrophy, regardless of the underlying cause, by 
administering a therapeutically affective dose of VEGF-E 
polypeptide, or agonist or antagonist thereto. If the objective is 
the treatment: of human patients, the VEGF-E polypeptide preferably 
is recombinant human VEGF-E polypeptide {rhVEGF-S polypeptide) . The 
treatment for cardiac hypertrophy can be performed at any of its 
various stages, which may result from a variety of diverse 
pathologic conditions, including myocardial infarction, 
hypertension, hypertrophic cardiomyopathy, and valvular 
regurgitation. The treatment extends to all stages of the 
progression of cardiac hypertrophy, with or without structural 
damage of the heart muscle, regardless of the underlying cardiac; 
disorder . 

The decision of whether to use the molecule itself or an 
agonist thereof for any particular indication, as opposed to an 
antagonist to the molecule, would depend mainly on whether the 
molecule herein promotes cardiovascular! zation, genesis of 
endothelial cells, or angiogenssis or inhibits these conditions. 
For example, if the molecule promotes angiogenssis, an antagonist 
thereof would be useful for treatment of disorders where it is 
desired to limit or prevent angiogenesis . Examples of such 
disorders include vascular tumors such as haemangicma, tumor 
angiogenesis, neovascularization in the retina, choroid, or cornea, 
associated with diabetic retinopathy or premature infant retinopathy 
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or macular degeneration and proliferative vi t reoretinopathy, 
rheumatoid arthritis, Crohn's disease, atherosclerosis, ovarian 
hyperstimulation, psoriasis, endometriosis associated wi th 
neovascularization, restenosis subsequent to balloon angioplasty, 
5 scar tissue overproduction, for example, that seen in a keloid that 
forms after surgery, fibrosis after myocardial infarction, or 
fibrotic lesions associated with pulmonary fibrosis. 

If, however, the molecule inhibits angiogenesis, it would be 
expected to be used directly for treatment of the above conditions. 

10 

On the other hand, if the molecule stimulates arse; oogenesis it 
would foe used itself {or an agonist thereof) for indications where 
angiogenesis is desired such as peripheral vascular disease, 
hypertension, inflammatory vascui.it ides,, Raynaud's disease and 

55 Raynaud's phenomenon, aneurysms, arterial restenosis, 

thrombophlebitis, lymphangitis, lymphedema, wound healing and tissue 
repair, ischemia reperfusion injury, angina, myocardial infarctions 
such as acute myocardial infarctions, chronic heart conditions, 
heart failure such as congestive heart failure, and osteoporosis, 

20 Specific types of diseases are described below, where the 

VBGF-B polypeptide herein or antagonists thereof may serve as useful 
for vascular-related drug targeting or as therapeutic targets for 
the treatment or prevention of the disorders. Atherosclerosis is a 
disease characterised by accumulation of plaques of intimal 

of smooth muscle cells, and formation of fibrous tissue within the 
arterial wall. The disease can affect large, medium, and small 
arteries in any organ. Changes in endothelial and vascular smooth 
muscle cell function are known to play an important role in 

30 modulating the accumulation and regression of these plaques. 

Hypertension is characterized by raised vascular pressure in 
the systemic arterial, pulmonary arterial, or portal venous systems. 
Elevated pressure may result from or result in impaired endothelial 
function and/or vascular disease. 

35 Inflammatory vasculitides include giant cell arteritis, 

Takayasu's arteritis, polyarteritis nodosa (including the 
microangiopathic form;, Kawasaki's disease, microscopic 
polyangiitis, Wegener's granulomatosis, and a variety of infections- 
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related vascular disorders (including Benoch-Schonlein prapura) - 
Altered endothelial cell function has been shown to be important in 
these diseases. 

Raynaud's disease and Raynaud's phenomenon are characterized 
5 by intermittent abnormal impairment of the circulation through the 
extremities on exposure to cold. Altered endothelial cell function 
has been shown to be important in this disease. 

Aneurysms are saccular or fusiform dilatations of the arterial 
or venous tree that are associated with altered endothelial ceil 
10 and/or vascular smooth muscle calls. 

Arterial restenosis {restenosis of the arterial wail) may 
occur following angioplasty as a result of alteration in the 
function and proliferation of endothelial and vascular smooth muscle 
cells . 

15 Thrombophlebitis and lymphangitis are inflammatory disorders 

of veins and lymphatics, respectively, that may result from, and/or 
in, altered endothelial cell function. Similarly, lymphedema is a 
condition involving impaired lymphatic vessels resulting from 
endothelial cell function. 

20 The family of benign and malignant vascular tumors are 

characterized by abnormal proliferation and growth of cellular 
elements of the " » -i ' i r - - _ 

benign tumors of the lymphatic system that are 
congenital, often cystic, malformations of the lymphatics that 

25 usually occur in newborns. Cystic tumors tend to grow into the 
adjacent, tissue. Cystic tumors usually occur in the cervical and 
axillary region. They can also occur in the sort tissue of the 
extremities. The main symptoms are dilated, sometimes reticular, 
structured lymphatics and lymphocysts surrounded by connective 

30 tissue. LyTr:pha:;qio:;v;s are assumed to be caused by improperly 

connected embryonic lymphatics or their deficiency. The result is 
impaired local lymph drainage. Gxienex et ai . , Lyntpho log y, 4: 
140-144 (1971). 

Another use for the VSGF-E polypeptides herein or antagonists 
35 thereto is in the prevention of tumor angiogenasis, which involves 
vascularization of a tumor to enable it to growth and/or 
metastasize. This process is dependent on the growth of new blood 
vessels. Examples of neoplasms and related conditions that: involve 
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tumor angiogenssis include breast carcinomas, lung carcinomas, 
gastric carcinomas, esophageal carcinomas, colorectal carcinomas:, 
liver carcinomas, ovarian carcinomas, thecomas, arrhanoblastomas , 
cervical carcinomas, endometrial carcinoma, endometrial hyperplasia, 
5 endometriosis, fibrosarcomas, choriocarcinoma, head and neck cancer, 

Kaj i ' arcoma, mel 

hemangioma, nem ; r.a, pan a ir mas, retinoi t 

astrocytoma, glioblastoma, Schwannoma, oligodendroglioma, 

10 meduilobiastoma, neuroblastomas, r~ . osteogenic 
sarcoma, leiomyosarcomas, urinary tract carcinomas, thyroid 
carcinomas, wiim's tumor, renal cell carcinoma, prostate carcinoma, 
abnormal vascular proliferation associated with phakomatoses, edema 
(such as that associated with brain tumors;, and Meigs' syndrome. 

15 Age-related macular degeneration {AMD} is a leading cause of 

severe visual loss in the elderly population. The exudative form of 
AMD is characterized by choroidal neovascularization and retinal 
pigment epit.hel.lal ceil detachment. Because choroidal 
neovascularization is associated with a dramatic worsening in 

20 prognosis, the VEGF-S polypeptides or antagonist thereto is expected 
to be useful it; reducing the severity of AMD. 

antagonists. Formation and regression of new blood vessels is 

bone, cartilage, tendon, ligament, and/or nerve tissue growth or 
regeneration, as well as wound healing and tissue repair and 
replacement, and in the treatment of burns, incisions, and ulcers. 
A VEGF-E polypeptide or antagonist t. hereof that induces cartilage 

30 and/or bone growth in circumstances where bone is not normally 
formed has application in the healing of bone fractures and 
cartilage damage or defects in humans ana other animals. Such a 
preparation employing a VEGF-E polypeptide or antagonist thereof may 
have prophylactic, use in closed as well as open fracture reduction 

35 and also in the improved fixation of artificial joints. De novo 
bone formation induced by an osteogenic agent contributes to the 
repair of congenital, trauma-induced, or oncologic, resection- 
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induced craniofacial defects, and also is useful in cosmetic plastic 
surgery. 

VEGF-E polypeptides cr antagonists thereto may also be useful 
to promote better or faster closure of non-healing wounds, including 

5 without limitation pressure ulcers, ulcers associated with vascular 
insufficiency, surgical and traumatic wounds, and the like. 

It i.s expected that a VEGF-E polypeptide or antagonist thereto 
ssay also exhibit activity for generation or regeneration of other 
tissues, such as organs (including, for example, pancreas, liver, 

H5 intestine, kidney, skin, or endothelium} , muscle {smooth, skeletal, 
or cardiac), and vascular (including vascular endothelium) tissue, 
or for promoting too growth of coils comprising such tissues. Part 
of the desired effects may be by inhibition or modulation of 
fibrotic scarring to allow normal tissue to regenerate. 

15 A VSGF-E polypeptide herein or antagonist oner etc may also be 

useful for gut. protection or regeneration and treatment of lung or 
liver fibrosis, reperfusion injury in various tissues, and 
conditions resulting from systemic cytokine damage. Also, the VEGF- 
E polypeptide or antagonist thereto may be useful for promoting or 

20 inhibiting differentiation of tissues described above from precursor 
tissues or calls, or for inhibiting the growth of tissues described 

A VEGF-E polypeptide or antagonist thereto may also be used in 

25 processes. Such agents may provide an environment to attract bone- 
forming ceils, stimulate growth of bone-forming ceils, or induce 
differentiation of progenitors of bone-forming ceils, h VEGF-E 
polypeptide herein or an antagonist thereto may also be useful in 
the treatment of osteoporosis or osteoarthritis, such as through 

30 stimulation of bone and/or cartilage repair or by blocking 

inflammation or processes of tissue destruction {collagenase 
activity, osteoclast activity, etc.} mediated by inflammatory 
processes, since blood vessels play an important role in the 
regulation of bone turnover and growth. 

35 Another category of tissue regeneration activity that may be 

attributable to the VEGF-E polypeptide herein or antagonist thereto 
is tendon/ligament formation. A protein that induces 
tendon/' ligament -like tissue or other tissue formation in 
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circumstances where such tissue is net normally formed has 
application in the healing of tendon or ligament tears, deformities, 
and other tendon or ligament detects in humans and other animals. 
Such a preparation may have prophylactic use in preventing damage to 
5 tendon or ligament tissue, as well as use in One improved fixation 
of tendon or ligament i:c bene or other tissues, and in repairing 
defects to tendon or ligament tissue. De nova tendon/ligament -like 
tissue formation induced by a composition of the VSGF-E polypeptide 
herein or antagonist thereto contributes to the repair of 

10 congenital, trauma-induced, or other tender, tr ligament: defects of 
other origin, and is also- useful in cosmetic plastic surgery for 
attachment or repair of tendons or ligaments. The compositions 
herein may provide an environment to attract tendon- or ligament - 
forming cells, stimulate growth of tendon- or ligament-forming 

15 cells, induce differentiation of progenitors of tendon- or ligament- 
forming cells, or induce growth of tendon /ligament: ceils or 
progenitors ex vivo for return in viva to effect tissue repair. The 
compositions herein may also be useful in the treatment of 
tendinitis, carpal tunnel syndrome, and other tendon or ligament 

20 defects. The compositions may also include an appropriate matrix 
and/or sequestering agent as a carrier as is well known in the art. 

The VEGF-S polypeptide or its antagonist may also be useful 
for proliferation of neural ceils and for regeneration of nerve and 
brain tissue, i.e., for the treatment of central and peripheral 

25 nervous s^t^ ■* ; x an i <. u r ichx^s, i- \»ll ' H 
traumatic disorders, that involve degeneration, death, or trauma to 
neural cells or nerve tissue. More specifically, a VEGF-S 
polypeptide or its antagonist may toe used in the treatment of 
diseases of the peripheral nervous system, such as peripheral nerve 

30 injuries, peripheral neuropathy arc localized neuropathies, and 

centre! nervous system diseases, such as Alzheimer's, Parkinson's 
disease, Huntington's disease, amyotrophic lateral sclerosis, and 
Shy- Dr agar syndrome. Further conditions that may be treated in 
accordance with the present invention include mechanical and 

35 traumatic disorders, such as spinal cord dividers, head trauma, a no 
cerebrovascular diseases sued as stroke, Peripheral neuropathies 
resulting from chemotherapy or other medical therapies may also be 
treatable using a VEGF-E polypeptide herein or antagonist thereto. 
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I schemia-reper fusion injury is another indication. 
Endothelial cell dysfunction may be important in both the initiation 
of, and in regulation of the sequelae of events that occur following 
.1 s ahead a - reps r £ us i on i n j ury , 
5 Rheumatoid arthritis is a further indication. Blood vessel 

growth and targeting of inflammatory ceils through the vasculature 

~ f ii t 1 ' t J v h M I ' u i+- > 

sera-negative term of arthritis, 

10 prophyiactacaiiy to pacxents with cardiac hypertrophy, to prevent 

the progression of the condition, and avoid sudden death, including 
death of asymptomatic patients. Such preventative therapy is 
particularly warranted in the case of patients diagnosed, with 
massive left ventricular cardiac hypertrophy (a maximal wall 

15 thickness of 35 tm or more in adults, or a comparable value in 

children}.- or in instances when the hemodynamic burden on the heart 
is particularly strong. 

VSGF-E polypeptide or its antagonist may also be useful in the 
management of atrial fibrillation, which develops in a substantial 

20 portion of patients diagnosed with hypertrophic cardiomyopathy. 

Farther indications include angina- myocardial infarctions 
such as acute myocardial infarctions, and heart failure such as 
congestive heart failure. Additional non-neoplastic conditions 
include psoriasis, diabetic and other proliferative retinopathies 

25 including retinopathy of prematurity, retrolental fibroplasia, 
neovascular glaucoma, thyroid hyperplasias { including Grave's 
disesse), corneal and other tissue trans pi ant: at ion, chronic 
inflammation, lung inf lamination, nephrotic syndrome, preeclampsia, 
ascites, pericardial effusion (such as that associated with 

30 pericarditis), and pleural effusion. 

In view of the above, the VEGF-E polypeptides or agonists or 
antagonists thereof described herein, which are shown to alter or 
impact endothelial ceil function, proliferation, and/or form, are 
likely to play an important role in the etiology and pathogenesis of 

35 many or all of the disorders noted above, and as such can serve as 
therapeutic targets to augment or inhibit these processes or for 
vascular-related drug targeting in these disorders. 
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12 . Aaru^t.LS-ratio^ Protoc ols , Schedules; , Dos es, and 

Formulations 

The moiecuJ.es herein and agonists and antagonists thereto are 
pharmaceuticaiiy useful as a prophylactic and therapeutic agent tor 
5 various disorders and diseases as set forth above. 

The VEGF-S of the present invention can be formulated 
according to known methods; to prepare pharmaceutical! y-usefui 
compositions, whereby the VEGF-E hereof is combined in admixture 
with a pharmaceutical! y acceptable carrier vehicle. Suitable carrier 

iO vehicles and their formulation, inclusive of other human proteins, 
e.g., human serum albumin, are described, for example, in 
Remington's Pharmace ut i c a 1 1 ci encgs , 16th ed., 19B0, Mack Publishing 
Co., edited by Oslo at al. The VEGF-S herein may be administered 
parent erally to subjects suffering from cardiovascular diseases or 

IS conditions, or by other methods that ensure its; delivery to the 
bloodstream in an effective form. 

Compositions particularly well suited for the clinical 
administration of VBGF-E hereof employed in the practice of the 
present invention include, for example, sterile aqueous solutions, 

20 or sterile hydratable powders such as lycphilized protein, It is 
generally desirable to include further in the formulation an 
appropriate amount of a pharmaceutically acceptable salt, generally 
in an amount sufficient to render the formulation isotonic, A pB 
regulator such as argin.ina base, and phosphoric acid, are also 

25 typically included in sufficient quantities to maintain an 
appropriate pfi, generally from 5.5 to 7.5- Moreover, for 
improvement oi shelf-life or stability of aqueous formulations, it: 
may also be desirable to include further agents such as glycerol. 
In this manner, variant VEGF-E formulations are rendered appropriate 

30 for parenteral administration, and, in particular, intravenous 
administration. 

Therapeutic compositions cf the VSGF-E polypeptides or 
agonists or antagonists are prepared for storage by mixing the 
desired molecule having the appropriate degree of purity with 

35 optional pharmaceutical iy acceptable carriers, excipients, or 
staori z^rs (Reatin^ iceut igal Sciences , 16th edition, 

Oslo, A. ed. (1980)), in the form of lyophilized formulations or 
aqueous solutions. Acceptable carriers, exeipients, or stabilisers 
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are nontoxic to recipients at the dosages and concentrations 
employed, and include: buffers such as phosphate, citrate, and other 
organic acids; antioxidants including ascorbic acid and methionine; 
preservatives (such as octadecyl dime t: hy iben z yl awsonium chloride; 
5 hexamethonium chloride; ben-zai koniem chloride, benzethonium 

chloride; phenol, butyl or benzyl alcohol; aikyi parabens such as 
methyl or propyl paraben; catechol; c: ■ : x : .. .: : :. ; eyedohexanoi ; 3-- 
peocanol; arid jn- ere sol} ; low molecular weight (less than about 10 
residues} polypeptides; proteins, such as serum albumin, gelatin, or. 

10 immunoglobulins ; hydrophiiic polymers such as polyvinylpyrrolidone; 
amino acids such as glycine, glutamics, asparagme, histidir.e, 
arginine, or lysine; monosaccharides, di saccharides, and other 
carbohydrates including glucose, tnannosa, or dextrins; chelating 
agents such as EDTA; sugars such as sucrose, marmitci, trehalose or 

15 sorbitol; salt-forming counter-ions such as sodium; metal coop! exes 
{e.g., Sn-protein complexes } ; and/or non-ionic surfactants such as 
TWEEH'"*, PLC; RON ICS™ or polyethylene glycol (PEG) . 

Additional examples of such carriers include ion exchangers, 
alumina, aluminum sd.earete, lecithin, serum proteins, such as human 

20 serum albumin., buffer substances such as phosphates, glycine, sorbin- 
acid, potassium scrbate, partial giyesride mixtures of saturated 
vegetable fatty acids, water, salts, or electrolytes such as 
protamine sulfate, disodium hydrogen pnosphate, potassium hydrogen 
phosphate, sodium chloride, zinc salts, colloidal silica, magnesium 

25 crisilieate, polyvinyl pyrrol idene, cellulose-based substances, ana 
polyethylene glycol. Carriers for topical or gel-based forms of 
antagonist include polysaccharides such as sodium 
carboxyraethylcellulose or methylceilulose, polyvinylpyrrolidone,, 
poly aery fates, polyoxyetbyiene-poiyoxypropyiere-PicPt polymers, 

30 polyethylene glycol, and wood wax alcohols. For ail 

administrations, conventional depot forms are suitably used. Such 
forms include, for example, microcapsules, nano-capsu es, pc 
piasters, inhalation forms, nose sprays, sublingual tablets, and 
sustained- release preparations. The vegf~k polypeptides or agonists 

35 or antagonists will typically be formulated in such vehicles: at a 
concentration of about 0.1 mg/ffil to 100 rag/ial. 

Another formulation comprises incorporating a VEGF-E 
colypepti.de or antagonist thereof into formed articles. Such 
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articles can be used in modulating endothelial ceil growth and 
angiogenesis- In addition, tumor invasion and metastasis may be 
modulated with these articles. 

The VEGF-E to be used for therapeutic admin i s t r at ion must be 
5 sterile. Sterility is readily accomplished by f ii!:rs-.ior, through 
sterile filtration .-.eirsbranes (e.g., 0.2 raicror. membranes) . The 
VSGf-S ordinarily will be stored in lyophilised form or as an 
aqueous solution if it is highly stable to thermal and oxidative 
denaturation. The pH of the VEGF-E preparations typically will be 

10 about from 6 to 8, although higher or lower pR values may also be 

appropriate in certain instances. It will be understood chat use of 
certain of the foregoing excipients, carriers., or stabilisers will 
result in the formation of salts of the VEGF-E. 

An isotoni fier stay be present to ensure isotonic! ty of a 

15 liquid composition of the VEGF-E polypeptide or antagonist thereto,, 
and includes polyhydric sugar alcohols, preferably trihydric or 
higher sugar alcohols, such as glycerin, erythritol, arahitci, 
xyiitoi, sorbitol, and asannitol . These sugar alcohols can he used 
alone or in combination. Alternatively, sodiuss chloride or other 

20 appropriate inorganic salts may be used to render the solutions 
isotonic. 

The buffer may, for example, be an acetate, citrate, 
succinate, or. phosphate buffer depending on the pH desired. The pfi 
of one type of liquid formulation of this invention is suffered in 
25 the range of about 4 to 8, preferably about physiological pH. 

The preservatives phenol, benzyl alcohol and benzethonism 
haiides, e.g., chloride, are known antimicrobial agents that may be 
employed . 

Therapeutic VEGP-S polypeptide compositions generally are 
30 placed into a container having a sterile access port, for example, 

art intravenous solution baa or vial having a stopper pierceable by a 
hypodermic injection needle. The formulations ace preferably 
administered as repeated intravenous £i.v.), subcutaneous (s.c), or 
intramuscular ; 1 . m . } injections, or as aerosol formulations suitable 
35 for intranasal or intrapalmonary delivery (for intrapuiraonary 
delivery see, e.g., EF 257,9565. 

VEGF-E polypeptide can also be administered in the form of 
sustained-released preparations. Suitable examples of sustained- 
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release preparations include semipermeable matrices of solid 
hydrophobic polymers containing the protein, which matrices are in 
the form of shaped articles, e.g., films, or microcapsules. 
Examples of sustained-release matrices include polyesters, bydrcgels 
S (e.g. , pol y { 2-hydroxyethyl -meuhaccy la fce } as described fcy hanger ©£ 
J. Biomed. Mater. Res. , .15 : 16 7- 27 7 a 301} and Langer, 7n«. 
Tech. , 12 : 98-105 (1982) or poly (vinylaicohci) } , poiyiactidas {U.S. 
Patent No. 3,773,919, EP 58,481), copolymers of L-glutasnic acid and 
gamma efcbyi-t-glutamate (Sidman et si., B.i. opolymers f 22 ; 547-556 

SO [1983} }, non-degradable ethylene-vinyi acetate (Langer et al,, 

.supra}, degradabie lactic acid-glycolic acid copolymers such as the 
Lupron Depot™ {injectable microspheres composed of lactic acid- 
giycolic acid copolymer and leuprolide acetate), and poly-D- {-) -3- 
hydroxybutyric acid {£? 133,988). 

15 While polymers such as ethylene- vinyl acetate and .lactic acid- 

glycol ic acid enable release of molecules for over 100 days, certain 
hydrogels release proteins for shorter time periods. When 
encapsulated proteins remain in the body for a long time, they may 
denature or aggregate as a result of exposure to moisture at 37"C, 

20 resulting in a loss of biological activity and possible changes in 
immunogenicity. Rational strategies can be devised for protein 
Stabilization depending on -he sschan-.sis involved. For example, if 
the aggregation mechanism is discovered to be intermoiecuiar S-S 
bond formation through thio-disui f ide interchange, stabilization may 

25 he achieved by modifying suifhydryi residues, iyophilising from 
acidic solutions, controlling moisture content, using appropriate 
additives, and developing specific polymer matrix compositions. 
Sustained-release VEGF-E polypeptide compositions also include 
liposomal ly entrapped VSGF-E polypeptide. Liposomes containing 

30 VEGF-E polypeptide are prepared by methods known per set DE 

3,218,121; Epstein at al. t Prop. Na-j , Acad . Scl. US A, 82: 3688-3652 
•1985); Hwang efc Al., Proc. Natl. Acad. S ci . USA, 77; 4030-4034 
(1930) ; EP 52,322; SP 36,676; EP 88,046; EP 143,943; EP 142,641; 
Japanese patent application 83-118008; U.S. Patent Mos . 4,485,045 

35 and 4,544,545; and EP 102,324. Ordinarily the liposomes are of the 
small < about 200-800 Angstroms) unilamellar type in which the lipid 
content is greater than about 30 moi. % cholesterol, the selected 
proportion being ad justed for the optimal therapy. 
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The therapeutically effective doss of VEGF-E polypeptide or 
antagonist thereto will, of courses, vary depending on such factors 
as the pathological condition to be treated (including prevention) , 
the method of administration, the type of compound being used for 
5 treatment, any co-therapy involved, the patient's age, weight, 
general medical condition, medical history, etc., and its 
determination is well within the skill of a practicing physician. 
Accordingly, it will be necessary for the therapist to titer the 
dosage and modify the route of administration as; required to obtain 

10 the maximal therapeutic effect . If the VEGF-E polypeptide has a 

narrow host range, for the treatment of human patients formulations 
comprising human VEGF-E polypeptide, mote preferably native-sequence 
human VEGF-E polypeptide, are preferred. The clinician will 
administer VEGF-E polypeptide until a dosage is reached that 

15 achieves the desired effect far treatment of the condition in 

question . For example, if the objective is the treatment of CKF, 
the amount would be one that inhibits the progressiva cardiac 
hypertrophy associated with this condition. The progress of this 
tnerapy is easily monitored by echo cardiography. Similarly, in 

20 pane its f H > J ~ r " > ► be 

administered on an empirical basis - 

With the above guidelines, the effective dose generally is 
within the range of from about 0,001 to about 1.0 tag /kg, more 
preferably about 0.01-1 mg/kg, most preferably about 0.01-0.1 mg/kg, 

25 

advantageous to administer VEGF-E polypeptide in the form of an 
injection at about 0.01 to 50 tag, preferably about 0.05 to 20 rag, 
most preferably 1 to 20 mg, per kg body weight, 1 to 3 times daily 

30 by intravenous injection, For oral administration, a molecule baaed 
on the VEGF-E polypeptide is preferably administered at about 5 nig 
to 1 g, preferably about. 10 to 100 mg, per kg body weight, 1 to 3 
times daily. It should be appreciated that endotoxin contamination 
should be kept minimally at a safe level, for example, less than 0.5 

35 ng/mg protein. Moreover, for human administration, the formulations 
preferably meet sterility, pyrogenicity, general safety, and purity 
as required by FDA Office and Biologies standards. 
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The dosage regimen of a phaoaaceutica 1 composition containing 
VESF-E polypeptide to be used in tissue regeneration will fas 
ie mine v i I'!.,/m > ns ^ T i. g ' i-> t fe ' ; 

that modify the action of the polypeptide;;, e.g., amount of tissue 

the damaged tissue, the si is or a wound, type of damaged tissue 
(e.g., bone), the patient's age, sex, and diet, the severity of any 
infection, t ime of administration, and other clinical factors. The 
dosage may 'vary with the type of matrix used in the raconstitation 

10 and with inclusion of other proteins in the pharmaceutical 

composition. For example, the addition of other known growth 
factors, such as IGF-.T., to the final composition may also affect the 
dosage. Progress can be monitored by periodic assessment of 
tissue/bone growth and/or repair, for example. X-rays, 

15 histomorphomet r i c determinations, and tetracycline labeling. 

The route of VESF-E polypeptide or antagonist or agonist 
administration is in accord with known methods, e.g., by injection 
or infusion by intravenous, intramuscular, intracerebral, 
intraperitoneal, int race rubrospinal, subcutaneous, intraocular, 

20 intraarticular, intrasynoviai, intrathecal, oral, topical, or 

inhalation routes, or by sustained- release systems as noted below, 
The VEGF--E polypeptide or antagonists thereof also are suitably 
administered by intratumoral, peri tumoral, intralssional, or 
periiesional routes, to exert local as well as systemic therapeutic 

25 effects. The intraperitoneal route is expected to be particularly 
useful, for example, in the treatment of ovarian tumors. 

If a peptide or small molecule is employed as an antagonist ox- 
agonist, it is preferably administered orally or non-orally in the 
form of a liquid or solid to ntaoanals . 

30 Examples of pharmacologically acceptable salts of molecules 

that form salts and are useful hereunder include alkali metal salts 
(e.g. , soaium salt, porassitaa salt;, alkaline earth metal salts 
{e.g., calcium salt, magnesium salt), ammonium salts, organic base 
salts (e.g., pyridine salt, triethyiamine salt), inorganic acid 

35 salts (e.g., hydrochloride, sulfate, nitrate}, and salts of organic 
acid (e.g., acetate, oxalate, p-toiuenesulf onate) . 

For compositions herein that are useful for bone, cartilage, 
tendon, or ligament regeneration, the therapeutic method includes 
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administering the composition topically, systemicaiiy, or locally as 
an implant or device . When administered, the therapeutic 
composition for use is in a pyrogen.- tree, physiologically acceptable 
form. Further, the composition may desirably be encapsulated or 
5 injected in a viscous form for delivery co the site off bone, 

cartilage, or tissue damage. Topical administration may be suitable 
for wound healing and tissue repair. Preferably, for bone and/or 
cartilage formation, the composition would include a matrix capable 
of delivering the protein- containing composition to the site of bone 

10 and/or cartilage damage, providing a structure t e th d< sloping 

bone and cartilage and preferably capable of being resorhed into the 
body. Such matrices may be formed of materials presently in use for 
other implanted medical applications. 

The choice of matrix material is based on biocompatibiiity, 

15 i < ' < 1 , tanical prop ia sine tic ppearance, and 

interface properties. The particular application of the 
compositions will define the appropriate formulation. Potential 
matrices for the compositions may be biodegradable and chemically 
defined calcium sulfate, tricalcium phosphate, hydroxyapatite, 

20 poiyiactic acid, polyglycolic acid, and poiyanhydr idea . other 

potential materials are biodegradable and biologically well-defined, 
such as bone or dermal collagen. Further raatric.es are comprised of 
pure proteins or- extracellular matrix components. Otter potential 
matrices are nonbiodegradable and chemically defined, such as 

25 srntered hydroxyapatite, rd.ogiaaa, aiuminatec, or other ceramics. 
Matrices may be comprised of combinations of any of the above- 
mentioned types of material, such as poiyiactic acid and 
hydroxyapacice or collagen and tri calcium phosphate. The 
biocer amies may be altered in composition, such as in calcium- 

30 aluminate-phosphate and processing to alter pore size, particle 
size, particle shape, and biodegradability . 

One specific embodiment is a 50; 50 (mole weight} copolymer of 
lactic acid and glycalic acid in the form of porous particles having 
diameters ranging from 150 to 800 microns, in some applications, it 

35 will be useful to utilize a sequestering agent, such as 

carboxymethyl cellulose or autologous blood clot, to prevent the 
polypeptide compositions from disassociating from the matrix. 
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One suitable firmly of sequestering agents is celiulosie 
material s such as aikyt.cs.l.iuioses {including 

hydro xyal kyiceiiuicaes) , including methylceiluiose , ©thylcellulose, 
hydoxyethyiceiluiose, hydroxypropylcol lulose , 
hydroxypropylraethylcellulose , and ca rboxymethyl eel 1 uiose, one 

Other preferred sequestering agents include hyaluronic acid, sodium 
alginate, poly (ethylene glycol), poi yoxyec hy Lens oxide, carboxwinyl 
polymer, and poly < vinyl alcohol). The amount ■: sequestering agent 
useful herein is 0.5-20 wt%, preferably 1-10 wt%, based on total 
formulation weight, which represents the amount necessary to prevent 
desorption of the polypeptide {or its antagonist) from the polymer 
matrix and to provide appropriate handling of the composition, yet 
not so much that the progenitor cells ate prevented fret; 
infiltrating the matrix, thereby providing the polypeptide (or its 
antagonist} the opportunity to assist the osteogenic activity of the 
progenitor cells . 

Generally, where the disorder permits, one should formulate 
and dose the VEGF-E for site-specific delivery. This is convenient 
in the case of wounds and ulcers. 

When applied topically, the VEGF-B is suitably combined with 
other ingredients, such as carriers and/or adjuvants, There are no 



active ingredients of the composition. Examples of suitable 
vehicles include ointments, creams, gals, or suspensions, with or 
without purified collagen. The compositions also may be impregnated 
into transdermal patches, plasters, and bandages, preferably in 
liquid or semi-liquid form. For obtaining a gel formulation, the 
VEGF-B formulated in a liquid composition may be mixed with aa 
effective amount of. a water-soluble polysaccharide or synthetic 
polymer such as polyethylene glycol to form a gel of the proper 
viscosity to be applied topically. The polysaccharide that may be 
used includes, for example, cellulose derivatives such as ether ified 
cellulose derivatives, including alky! celluloses, hydroxyaikyi 
celluloses, and alkylhydroxyalkyi celluloses, for example, 
methyl cellulose, hydroxyethyi cellulose, carboxyroethyl cellulose, 



WO 99/47677 



81 



hydroxy-propyl methylceilulose, and hydroxypropyl cellulose; starch 
and fractionated starch; agar; alginic acid and alginates? gum 
arable; puilullan; agarose; c^rragssnan; dextrans; dextrins; 
f ructans ; Inulin; raannans; xyians? arabinans; chitosans; glycogens ; 
5 glucans; and synthetic biopoiymers; ss well as gums such as xanthan 
gum; guar gum; locust bears gum; gum arable; tragacanth gust; and 
karaya gum; and derivatives and mixtures thereof. The prefer red 
gelling agent herein is one that is inert to biological systems, 
nontoxic, simple to prepare, and not too runny or viscous, and will 

10 not destabilize the VEGF-S held within it. 

Preferably the polysaccharide is an etherified cellulose 
derivative, snare preferably one that is well defined, purified, arsd 
listed in DSP, e.g., methylceilulose and the hydroxys 1 kyl cellulose 
derivatives, such, as hydroxypropyl cellulose, hydroxyethyl 

15 cellulose, and hydroxypropyl methylceilulose. Most, preferred herein 
is methylceilulose . 

The polyethylene glycol useful for gelling is typically a 
mixture of low- and high-molecular- weight polyethylene glycols to 
obtain the proper viscosity. For example, a mixture of a 

20 polyethylene glycol of molecular weight 400-600 with one of 

molecular weight 1500 would be effective for this purpose when mixed 
in the proper ratio to obtain a paste. 

The term "water soluble" as applied to the polysaccharides and 
polyethylene glycols is meant to include colloidal solutions and 

25 dispersions. In general, the solubility of the cellulose 

derivatives .is determined by the degree of substitution of ether 
groups, and the stabilizing derivatives useful herein should have a 
sufficient quantity of such ether groups per anhydrogiucose unit in 
the cellulose chain to render the derivatives water soluble, A 

30 degree of ether substitution of at least 0.35 ether groups per 
anhydrogiucose unit is generally sufficient. Additionally, the 
cellulose derivatives may be in the form of alkali metal salts, for 
example, the Li, Na, K, or Cs salts. 

If methylceilulose is employed in the gel, preferably if 

35 comprises about 2-5%, more preferably about 31, of the gel and the 
VEGF-E is present in an amount of about 300-1000 mg per ml of gel. 
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— on Th erapies 

The effectiveness of the VEGF-E polypeptide or an 
agonist or antagonist thereof in preventing or treating the disorder 

compositions. Hence, it is within che scope hereof to combine the 
VEGF-E therapy with other novel or conventional therapies (e.g., 
growth factors such as VEGF, aFGF, bFSF, PDGF, IGF, SfGF, anabolic 

10 steroids, EG" or TGF-alpha< for enhancing the activity of any of the 
growth factors, including VEGF-S, in promoting ceil proliferation, 
survival, differentiation, and repair. It is not necessary that such 
cotreatment drugs be included par sa in the composition:; of this 
invention, although thus will be convenient where such drugs are 

15 proteinaceous . Such admixtures are suitably administered in the 
same manner and for the sma purposes as the VEGF-S used alone. 

For treatment of cardiac hypertrophy, VEGF-E polypeptide 
therapy car) be combined with the administration of inhibitors of 
known cardiac myocyte hypertrophy factors, e.g., inhibitors of a- 

20 adrenergic agonists such as phenylephrine; endothelin-1 inhibitors 
such as BOSEHTAK™ and MOXOMODIN™; inhibitors to CT-3 ;U3 Pat. No. 
5,S7S, 545); inhibitors to 1.XF; ACE inhibitors; des-aspartate- 
angiotensin I inhibitors 'U.S. £afc. No, 5,773,415), and angiotensin 
II inhibitors. 

25 For 

hypertension, VEGF-E polypeptide can be administered in combination 
with p-adrenergic receptor blocking agents, e.g., propranolol, 
timolol, tertaioloi, carteoiol, nadolol, betaxoloi, penbntolol, 
acetobutoioi, atenolol, metoprolol, or oarvedilol; ACS inhibitors, 

30 e.g., quinapril, captopril, enalaprii, ramiprii, benazepril, 
fosinoprii, or lisinopril; diuretics, e.g., chlorothiazide, 
hydrochlorothiazide, hydroflumethiazide, methy.lcnI0thia2.ids, 
benzthiazide, dichlorphenamide , acetazoiainj.de, or indaparaids; and/or 
calcium channel blockers, e.g., diitiazem, nifedipine, verapamil, or 

35 nicardipine. Pharmaceutical compositions comprising the therapeutic 
agents identified herein by their generic VSGS'-Es are commercially 
available, and are to be administered following the manufacturers 1 
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instructions for dosage, administration, adverse effects, 
contraindications, etc. See, e.g., Phys i 

(Medical Economics Data Production Co.: Montvaie, ». J., 1997), 5.1th 

of hypertrophic ca rdi omyopa r. hy •are p-adrenergic-blocicir.g drugs 
(e.g., propranolol, timolol, tertaioioi, carteolol, nadolol, 
betaxolol, penbutolol, acstobutcloi, atenolol, metoprolol, or 
carveailol; , verapamil, dif edipme, or diltiazem. Treatment of 
hypertrophy associated with high blood pressure may require the ass 
of antihypertensive drug therapy, using calcium channel blockers, 
e.g., diitiasem, nifedipine, verapamil, or nicardipine; p-adrenergio 
blocking agents; diuretics, e.g., chlorothiazide, 
hydrochlorothiazide, hydrofluasethaz ide , methyichlothiazide, 
benzthiazide, dichiorphenamide, acetazoiami.de, or indapamide; and/or 
ACE- inhibitors, e.g., quinapril, captcprii, enalapril, ramipril, 
benazepril, £os inopr.il, or i.is.i.nopril . 

For other indications, VEGF-E polypeptides or their 
antagonists may be combined with other agents beneficial to the 
treatment of the bone and/or cartilage defect, wound, or tissue in 
question. These agents include various growth factors such as EGF, 
PDGF, TGE-a or TGF-p, IGF, FGF, and CTGF. 

In addition, VSGF-B polypeptides or their antagonists used to 
treat cancer may be combined with cytotoxic, chemotherapeutic, or 
growth- inhibitory agents as identified above. Also, for cancer 
treatment, the VEGF-E polypeptide or antagonist thereof is suitably 
administered serially or in combination with radiological 
treatments, whether involving irradiation or administration of 
radioactive substances. 

The effective amounts of the therapeutic agents administered 
in combination with VEGF-E polypeptide or antagonist thereof will be 
at the physician's or veterinarian's discretion. Dosage 
acted ni st rat ion and adjustment is done to achieve maximal management 
of the conditions to be treated. For example, for treating 
hypertension, tnese amounts ideally take into account use of 
diuretics or digitalis, and conditions such as hyper- or 
hypotension, renal impairment, etc. The dose will additionally 
depend on such factors as the type of the therapeutic agent to be 
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used and the specific patient being treated. Typically, the amount 
employed will be the saiae dose as that used, if the given 
therapeut ic agent is administered without VEGF-S polypeptide. A 
useful molar ratio of VEGF-E to secondary growth factors is 
5 typically 1;C.1-10, with about eguimolar amounts being preferred. 

i 4 . hr.~ ics.es c. f Manuf acr iire 

An article of manufacture such as a kit containing VSGF-S 
polypeptide or antagonists thereof useful for the diagnosis or 
treatment of the disorders described above comprises at least 
10 a container and a label. Suitable containers include, for example- 
bottles, vials, syringes, and test tubes. The containers may be 
formed from a variety of materials such as glass or plastic. The 
container holds a composition that is ei 

treating the condition and may have a sterile access port {for 
15 example , the container' isay be an intravenous solution bag or a vial 
having a stopper pierceabie by a hypodermic injection needle] . The 
active agent, in the composition is the VEGF-E polypeptide or an 
agonist or antagonist thereto. The label or;, or associated with, 
the container indicates that the composition is used for diagnosing 
20 or treating the condition of choice. The article of manufacture 
may further comprise a secorci container comprising a 
pharmaceutically-eisceptabii- buffer, such as phosphate-buffered 
saline, Ringer's solution, and dextrose solution. It may further 
include other materials desirable from a commercial and user 
25 standpoint, including other buffers, diluents, fillers, needles, 
syringes, and package inserts with instructions for use. The 
article of manufacture may also comprise a second or third container 
with another active agent as described above. 



30 F . 

The present invention further provides ant i -VEGF-E polypeptide 
antibodies. Exemplary antibodies include polyclonal, monoclonal, 
humanized, bispec.i.f ic, and heterccon jugate antibodies. 
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1 - Poi yc Lonal Antibodies 

The anti~VEGF--£ antibodies of the present invention may 
comprise polyclonal antibodies. Me r. hods of. p rape r ir-.q polyclonal 
antibocii.es are known to the skilled artisan. Polyclonal antibodies 
can be raised in a mananaX, for example, by one or more injections of 
an immunizing agent and, if desired, an adjuvant. Typically, the 

multiple subcutaneous or intraperitoneal injections. The immunising 
agent may include the VSGF-S polypeptide or a fusion protein 
thereof. It may be useful to conjugate the immunising agent to a 
protein known to be immunogenic in the mammal being immunized. 
Examples of such immunogenic proteins include but are not limited to 
keyhole limpet hemocyanin, serum albumin, bovine thyrogiobuiin, and 
soybean trypsin inhibitor . Examples of adjuvants which may be 
employed include Freund's complete adjuvant and MPL-TDM adjuvant 
{mcnophcsphoryi Lipid A, syntheti e trehalose dicorynamyooiate} . The 
immunisation protocol may be selected by one skilled in the art 
without ur.dijs exp<\: a :. 

2. Monoclonal Ant ibodies 

The anti-VEGF-E antibodies may, alternatively, be monoclonal 
antibodies . Monoclonal antibodies may be prepared using hybridoraa 



agent to elicit lymphocytes that produce or are capable of producing 
antibodies that will specifically bind to the immunizing agent. 
Alternatively, the lymphocytes may be immunized in vitro. 

The immunizing agent will typically include the VEGF-E 
polypeptide or a fusion protein thereof. Generally, either 
peripheral blood lymphocytes ("PBLs"! are used if cells of human 
origin are desired, or spleen cells or lymph -node ceils are used if 
non-human mammalian sources are desired. The lymphocytes are then 
fused with an immortalized cell line using a suitable fusing agent, 
such as polyethylene glycol, to form a hybridoma cell {Coding, 

; pi. P,.l a res 

c 1 36 £ ) pp. 59-103;. Immortalized ceil lines are usually transformed 
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mammalian ceils, particularly myeloma cells of rodent, bavins;, and 
human origin. Usually, rat or mouse myeloma ceil lines are 
employed. The hybrickaaa cells may be cultured in a suitable culture 
medium that preferably contains one or mors substances that inhibit 
5 the growth or survival of the unru-co, immortalized ceils. For 

example, if the parental ceils lack the enzyme hypoxanthine guanine 

the hybridomas typically will include hypoxanthine, amincpterln, and 
thymidine J "BAT medium"), which substances prevent the growth of 

10 HGPRT-deficient ceils. 

Preferred immortalised ceil lines are these that fuse 
efficiently, support stable high-level expression of antibody by the 
selected antibody-producing cells, and are sensitive to a medium 
such as HAT medium. More preferred immortalized ceil lines are 

15 murine myeloma lines, which can be obtained, for instance, from the 
Salk Institute Ceil Distribution Center, San Diego, California and 
the American Type Culture Collection, Manassas, Virginia. Human, 
myeloma and mouse-human heteromyeloma cell lines also have been 
described for the production of human monoclonal antibodies {Kozbor, 

20 J * Immunol . , 133:3001 (1984) ? Brodeur ec Honoclona 1 Ant ibedy 
■> ■• ■ , ' -• ■. , New 

York, {1987} pp. 51-63). 




25 directed against a VBGF-E polypeptide. Preferably, the binding 

specificity of monoclonal antibodies produced, by the hybridoma ceils 
is determined by immunoprecipitation or by an in vitro binding 
assay, such as radioimmunoassay i R.T A) or enzyme-linked 
.immuncabscrfoent assay { ELISA) . Such techniques and assays are known 

30 in the art, The binding affinity of the monoclonal antibody can, 
for example, be determined by the Scat chard analysis of Munson and 
Pollard, Anal . eiochem, , 107:220 {1980}. 

After the desired hybridama cells are identified, the clones 
may be: subclones! by limiting dilution procedures and grown by 

35 standard methods (Coding, supra} . Suitable culture media for this 

purpose include, for example, Dulbecoo's Hodiiied Eagle's Medium and 
RPMI-1640 medium. Alternatively, the hybridema cells may be grown 
in vivo as ascites in a mammal. 
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The monoclonal antibodies secreted by the sucoior.es may be 
isolated or purified from the culture medium or ascites fluid by 
conventional immunoglobulin purification procedures such as, for 
example, protein A-Sepharose, hydroxyiapat its chromatography, eel 
5 electrophoresis, dialysis, or: affinity chromatography , 

methods, such as those described in U.S. Patent No. 4,816,567. DNft 

genes encoding the heavy and light chains of murine antibodies! , 
The hybridoms cells of the invention serve as a preferred source of 
such DMA. Once isolated, the SNA way be placed into expression 
vectors, which are then transfscted into host ceils such as simian 

15 COS cells, Chinese hamster ovary (CHO) cells, or myeloma calls that 
do not otherwise produce immunoglobulin protein, to obtain the 
synthesis of monoclonal antibodies in the recombinant: host ceils. 
The DNA also may be modified, for example, by substituting the 
coding sequence for human heavy- and light-chain constant domains in 

20 place of the homologous murine sequences (U.S. Patent Ho. 4,816,567) 
or by eovalently joining to the immunoglobulin coding sequence all 
or part of the coding sequence for a non- immunoglobulin polypeptide. 

Such e non -immunogiobuii n polypeptide can be substituted for the 
constant domains of an antibody of the invention, or can be 

25 substituted for the variable domains of one antigen- combining site 
of an antibody of the invention to crests a chimeric bivalent 
antibody. 

The antibodies may be monovalent antibodies, Methods for 
preparing monovalent antibodies are well .known in the art, for 

30 example, one method involves recombinant expression of 

immunoglobulin light chain and modified heavy chain. The heavy 
chain is truncated generally at any point in the Fc region so as to 
prevent heavy-chain cro.ssiink.ing. Alternatively, the relevant 
cysteine residues are substituted with another amino acid residue or 

35 are deleted so as to prevent cross I inking . 

In vitro methods are also suitable for preparing monovalent 
antibodies. Digestion of antibodies to produce fragment:?; thereof . 
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particularly Fab fragments, can be accomplished using routine 
techniques known in the art. 

3. Human! zee; Antibod ies 

The anti-VSGF-E antibodies of the invention may further 
5 comprise humanised antibodies or human antibodies . .Humanized forms 
of non-human (e.g., murine) antibodies ace chimeric immunoglobulins, 
immunoglobulin chains, or fragments thereof (such as Fv, Fab, Fab', 
F(ab*) ; ;, or other ant iqen-bi.nding subsequences of antibodies} which 
contain minima] sequence derived from non-.tumsri immunoglobulin. 

10 Humanized antibodies; include human immunoglobulins ( recipient 

antibody) in which residues iron a coraplementary-det enr.iniag region 
(CDR) of the recipient; ace replaced by residues from a CDS of a non- 
human species {donor antibody) such as mouse, rat, or rabbit having 
the desired specificity, affinity, and capacity. In some instances, 

15 Fv framework residues of the human immunoglobulin are replaced toy 
corresponding non-human residues. Humanized antibodies may also 
comprise residues which are found neither in the recipient antibody 
nor in the imported CDR or framework sequences. In general, the 
humanised antibody will comprise substantially all of at least one, 

20 and typically two, variable domains, in which all or substantially 
ail ; the 3D3< te y cs < T ' spend tx thos* < i ion-human 
immunoglobulin and ail or substantially all of the FR regions are 
those of a human immunoglobulin consensus sequence. The humanized 

25 immunoglobulin constant region (FcS , typically that of a human 

immunoglobulin (Jones et si. , Nature, 321 : $22 -223 (1386;; Riechmann 
et ai. , N ature , 332:323-329 0388;; and Presta, Curr . Op. Struct, 
bio;.. , 2:593-596 (1992) i. 

Methods for humanizing non-human antibodies are well known in 

30 the art. Generally, a humanised antibody has one or more amino acid 
residues introduced into it from a source which is non-human. These 
non-human amino acid residues are often referred to es "import" 
residues, which are typically taken from an "import" variable 
domain, Humanization can be essentially performed following the 

35 method of Winter and co-workers (Jones et al,, Nat ure , 321; 522-525 
(1986); Riechmann et ai., Mature , 332:323-327 (1988s; Verhoeyen et 
al,, Science , 239:1534-1536 {1988} ) , by substituting rodent CDRs or 
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CDK sequences for the corresponding sequences of a ham an antibody. 
Accordingly, such "humanized" antibodies are chimeric antibodies 
(U.S. Patent Bo. 4,816,567), wherein substantially less than an 

humanised antibodies are typically human antibodies in which souse 
COR residues and possibly some FR residues are substituted by 
residues from analogous sites in rodent antibodies. 

Human antibodies can also be produced using various techniques 
known in the art, including phage display libraries {Koogenboom and 
Winter, J. Mol. Biol. , 227; 381 (1591}; Marks et al., J. Mol. Biol. , 
222:581 (1931) } . The techniques of Cole et al. and Bcerner et al. 
are also available tor the preparation of human monoclonal 

antibodies {Cole et _ , _ . JL 

Alan R. Liss, p. 77 (1985} and Boerner et al., J. Immunol. , 
147(1) ;86-9S (1991 ) ) , 

4 • Bis pecifie Antibodies 

Bi specific antibodies are monoclonal, preferably human or 
humanized, antibodies that have binding specificities for at least 
two different antigens. In the present case, one of the binding 
specificities is for a VEGF-E polypeptide, the other one is for any 
other antigen, and preferably for a cell-surface protein or receptor 
or receptor subunlt. 

Methods for making bispecific antibodies are toown in the art. 
Traditionally, the recombinant production of bispecific antibodies 
is based on the co-expression of two immunoglobulin heavy- 
chain/light-chain pairs, where the two heavy chains have different 
specific-ties (Mil stein and Cuello, Nature, 305 : 537-539 (1983) ) . 
Because of the random assortment of immunoglobulin heavy and light 
chains, th&se hybridomas (quadroraas) produce a potential mixture of 
ten different antibody molecules, of which only one has the correct 
bispecific structure. The purification of the correct molecule is 
usually accomplished by affinity chromatography steps. Similar 
procedures are disclosed in WO 93/08822, published 13 May 1993, and 
in Traunecker et al., SM3Q ,7, , 10:3655-3659 (1991). 

Antibody variable domains with the desired binding 
specificities { antibody-antigen combining sites; can be fused to 
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immunoglobulin constant domain sequences . The fusion preferably is 
with an immunoglobulin heavy-chain constant; domain, comprising at 
least part of the hinge, CK2, and CHS regions. It is preferred to 
have the first heavy-chain constant region {CHI 5 containing the sic 
5 necessary for light-chain binding present in at least one of the 

fusions. DMAs encoding the immunoglobulin heavy-chain fusions and, 
if desired, the immunoglobulin light chairs, are inserted into 
separate expression vectors, and are cc-transf acted into a suitable 
host organism. For further details of generating bispecific 
10 antibodies see, for example, Suresh ec ai., Methods i n Enz ymoleo .y , 
121:210 (1986). 

5, .tt^i . j„i _ r - 1 

Reterocon jugate antibodies are also within the scope of the 
present invention. Hete v.ocan } uq-'J: e srit i bodies are composed of two 

15 covaiently joined antibodies. Such antibodies have., for example, 
been proposed to target immune system ceils to unwanted cells (U.S. 
Patent: Jsio . 4,676,980), and for treatment ot HIV infection {WO 
91/00360; WO 92/200373; EP 03089} . It is contemplated that the 
antibodies may be prepared in vitro using known methods in syntheti 

20 protein chemistry, including those involving crosslinking agents. 
For example, iinraanotoxins may be constructed using a disulfide- 
exchange reaction or by forming a thioether bond. Easaples of 
suitable reagents for this purpose include :u;ti nethiolate and methyl 
<'!~merC3ptobutyrimidate and those disclosed, for example, in U.S. 

25 Patent No. 4,676,930. 

6. Sf fee tor - eenrg 

It may be desirable to modify the antibody of the invention 
with respect to effector function, so as to enhance, e.g., the 
effectiveness of the antibody in treating cancer. For example, 

30 cysteine residue {si may be introduced into the Fc region, thereby 
allowing interchain disulfide bond formation in this region. The 
nomodiraeric antibody thus generated may have improved 
interna lisat ion capability and/or increased complement -mediated eel 
killing and antibody-dependent cellular cytotoxicity {ADCCj . See 

35 Caron et al., 3. Exp Med . 176 ; 1191-1195 {1992} and Shopes, 

Immunol . , 148 : 29.18-2922 {1992) - Homodimeric antibodies with 
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enhanced ant i- tumor activity may also be prepared using 
heterobifunetional cross-iirJcers as described in Wolff et al. Cancer 
Res earch , 53; 2560-2565 {1993} . Alternatively, an antibody can be 
engineered that has dual Fc regions and way thereby have enhanced 
5 complement lysis and ADCC capabilities. See Stevenson ec a.;.., Anti- 
cancer Drusg Design 3: 219-230 {1989} . 

? . Immwnoco n jc q a t « 

The invention also pertains to itwaunocon j agates comprising an 
antibody conjugated to a cytotoxic agent such as a chemotherapauti c 

50 agent, toxin (e.g., an ensyxaar.icaiiy active toxin of bacterial, 
fungal, plant, or animal origin, or fragments thereof), or a 
radioactive isotope (i.e., a radiccon jugate} . Chemotherapeutic 
agents useful in the generation of such irtsssu.nocon j ugat«8 have been 
described above . Enzyssaticaliy active toxins and fragments thereof 

15 that can be used include diphtheria A chain, nonbinding active 

fragments of diphtheria toxin, exotoxin A chain ( from Pseudomonas 
aeruginosa) , ricin A chain, abrin A chain, modeccin A chain, 
alpha-sarcin, AJ-eurites fordii proteins, diantbin proteins, 
Bhytoleos emexicsaa proteins (PAFX, FAPII, and PAP-S), momordica 

20 charantia inhibitor* curcirs, crotin, sapaonaria officinalis 

and th-2 triccthecen.es. A variety of radionuclides are available for 
the production of radiocon j ugat ed antibodies. Examples include 
ni Bi, 1Ji I, i31 In, ' (> "i, and ""Re. 

25 Conjugates or the antiboay and cytotoxic agent are made using 

a variety of bifunctional protein-coupling agents such as N-- 
succinitnidyl- 3- (<?-pyr idyidi chiol) propionate iSPOf) , iminothiolane 
{IT}, bifunctional derivatives of imidoe stars (such as dimethyl 
adipiiaidate KCL) , active esters (such as di.succ.inimidy.1 suberate) , 

30 aldehydes isuch as glut areidehyUe > , nxs-azido compounds (such as bis 
(p-azidobenzoyl } hexanedismine) , bis-diazonium derivatives {such as 
bis- (p-diasoniumbenzoyi 5 -ethyienediamine) , diisccyanates (such as 
tolyene 2, 6-diisocyanate) , and bis- active fluorine corapcuuds (such 
as 1, 5-di£luoro-2. 4-Cinitrooenzene ; . her example, a riom 

35 inmunotoxin can be prepared as described ... ;.i.tetta ec a J , Sc 

2 38 : 1093 (1987} . Csrbon-14-labeled l-isQthiocyanatcbenzyl-3- 
Ktethyidiethylene triaminepentaacetic acid (MX-DTPA) is an exemplary 
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chelating agent: for conjugation of radionueiectide to the antibody. 
See WO94/11026. 

In another embodiment, the antibody may be conjugated to a 
''receptor" (such as streptavidin.) for utilization in tumor 
5 pretargating wherein the antibody-receptor conjugate is administered 

circulation using a clearing agent and then administration cf a 
"ligand" (e.g., avidin) that is conjugated to a cytotoxic agent 
(e.g., a radionneleotide) . 

JO 8. Immunoliposomes 

The antibodies disclosed herein may also be formulated as 
inammoliposomes . Liposomes containing the antibody are prepared by 
methods known in the art, such as described in Epstein et al., Proc. 
Natl. Aca d, Sci. PSA , 82: 3688 (1985); Hwang et al. r Proc. Natl 

55 Acad. Sci. USA , 77: 4030 {1980} ; and U.S. Pat. Bos. 4,485,045 and 
4,544/545. Liposomes with enhanced circulation time are disclosed 
in U.S. Patent No. 5,015,556. 

Particularly useful liposomes can be generated by the reverse- 
phase evaporation method with a lipid composition comprising 

20 phosphatidyl choline, cholesterol, and PSG-derivatized 

phospbatidyl«thar;Gi.amine ■; PSG-FV: ! . Liposomes are extruded through 
titters of defined pore size to yield liposomes with the desired 
diameter. Fab' fragments of the antibody of the present invention 
can be conjugated to the liposomes as described in Martin et al *, 

25 J ■ Biol. Cheat. 257; 266-288 (1932) via a disulfide-interchange 
reaction, A Chemother apeutic agent (such as Doxorubicin) is 
optionally contained within the liposome. See Gabison et al., 01 
- 2_ r - r li J<, 1>.1 

G • Oses for v. -.tibodies 
30 The anti-VEGF-E antibodies of the present invention have 

various utilities. For example, anti-VSGS-E antibodies way be used 
in diagnostic assays for VBGF-S polypeptides, e.g., detecting 
expression in specific cells, tissues, or serum . Various diagnostic 
assay techniques known in the art may be uses, such as competitive 
35 binding assays, direct or indirect sandwich assays and 

immunoprecipitation assays conducted in either heterogeneous or 
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hm Ptir^js p ases 2cia, Mc 

Techniques , CRC Press, Inc. (1987) pp. 147-158}. The antibodies 
used in the diagnostic assays can be labeled with a detectable 
moiety . The detectable moiety should be capable of producing, 
5 either directly or indirectly, a detectaola signal. For example, 
the detectable moiety may be a radioisotope, such as 3 H, U C, J2 P, 
3S S, or m l, a fluorescent or cherailumines cent compound, such as 
fluorescein iscthiocyanate, rhodamine, or iuciferin, or an enzyme, 
such as alkaline phosphatase, beta-gaiactosidase or horseradish 

10 peroxidase. Any method known in the art for conjugating the 

antibody to the detectable moiety may be employed, including those; 
methods described by Hunter efc ai., Nature, 144:945 {1962!; David 

» ' Bi <■", _ \ 13:1014 (1974); Pain at aid, J. Im munol ■ 

Heth ■ SO d> (U, ; on borer, ^ j i, i -~ f 

15 30:407 { :9c/; • 

Anti-VEGE'-E antibodies also are useful for the affinity 
purification of VEGF-E polypeptides from recombinant cell culture or 
natural sources. In this process, the antibodies against a VEGF-E 
polypeptide are immobilized on a suitable support, such as 

20 Sephadex fM resin or filter paper, using methods well known in the 
art. The immobilized antibody then is contacted with a sample 
containing the VEGF-S polypeptide to be purified, and thereafter the 
support is washed with a suitable solvent that will remove 
substantially ail the isateriai in the sample except the VEGE-E 

25 polypeptide, which is bound to the immobilised antibody. Finally, 
the support is washed with another suitable solvent that will 
release the VEGE-E polypeptide from the antibody. 

1 ■ Pharmaceutical Co mpositi ons of Ant ibodies 
Antibodies specifically binding a VEGF-E polypeptide 
30 identified herein, as well as other molecules identified by the 

screening assays disclosed hereinbefore, can be administered for the 
treatment of various disorders as noted above and below in the form 
of pharmaceutical compositions. 

If the VEGF-B polypeptide is intracellular and whole 
35 antibodies are used as inhibitors, internalising antibodies are 

preferred. However, lipofections or liposomes can also be used to 
deliver the antibody, or an antibody fragment, into ceils. Where 
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antibody fragments are used, the smallest inhibitory fragment that 
specifically binds to the binding domain of the target protein is 
preferred. For example, based upon the variable-region sequences of 
■an antibody, peptide molecules can be designed that retain the 
5 abi.ii.ty to band the target protein sequence . Bach peptides can be 
synthesized chemically and/or produced by recombinant DKA 
technology. See, e.g., Marasco et ai., 

90: 7883-7893 (1993). The formulation herein may also contain mors 
than one active compound as necessary for the particular indication 

10 being treated, preferably those with complementary activities that 
do not adversely affect each other. Alternatively, or in. addition,, 
the composition may comprise an agent that enhances its function, 
such as, for example, a cytotoxic agent, cytokine, chemctherapeutic 
agent, or growth-inhibitory agent. Such molecules are suitably 

15 present in combination in amounts that are effective for the purpose 
intended. 

The active ingredients may also be entrapped in micro capsules 
prepared, for example, by coacervation techniques or by interfaciai 
polymerization, for example, hydroxymethylcellulos© or gelatin- 

20 microcapsules and poly- (methylmethaey late} microcapsules, 

respectively, in colloidal drug delivery systems {for example, 
liposomes, albumin microspheres, microemuis ions , nano- particles, and 
nanocapsuies; or in raacroeaaulsions . Such techniques are disclosed 
an Hot.; jt t ii a <. . " K i s 

25 The formulations to be used for in vivo administration must be 

sterile. This is readily accomplished by filtration through sterile 
filtration membranes. 

Sustained- release preparations may be prepared. Suitable 
examples of sustained- release preparations include seraiperraeabl e 

30 matrices of solid hydrophobic polymers containing the antibody, 

which matrices are in the form of shaped articles, e.g., films, or 
microcapsules. Examples of sustained-release matrices include 
polyesters, hydro-gels {for example, poly ( 2-hydroxyethyl •• 
methacrylate! , or poly S vinyialcohol) ) , po.Iylact.ides {U.S. Pat. So. 

35 3,773,919}, copolymers of b-giarainic acid and y ethyl -b-giutamate, 
non-degradabie ethylene-vinyl acetate, degradable lactic acid- 
glycol ic acid copolymers such as the LUPRON DEPOT wf {injectable 
microspheres composed of lactic acid- glycol ic acid copolymer and 
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leuproiicte acetate), anci poly-D- {-; -3-hydroxybutyric acid, while 
polymers such as ethylene-vinyi acetate and lactic acid-glycolic 
acid enable release of ssoleeuies for over 100 days, certain 
hydrogeis release proteins for shorter time periods. When 
5 encapsulated antibodies remain in the body for a long time, they may 

resulting in a loss of biological activity and possible changes m 
immunogenic! ty . Rational strategies can be devised for 
stabilization depending on the mechanism involved. For example, if 
10 the aggregation mechanism is discovered to be infcerraolecular S-S 

bond formation through fchio-disalfide interchange, stabilization may 
be achieved by modifying sulfhydryl residues, lyophilizing from 
acidic solutions, controlling moisture content, using appropriate 
additives, and developing specific polymer matrix compositions, 

i5 ^ ■ „r 1 I go. k t 

It is contemplated that the antibodies to VBGF-E polypeptide 
may be used to treat various cardiovascular, endothelial, and 
angiogenic conditions as noted above. 

The antibodies are administered to a mammal, preferably a 

20 human, in accord with known methods, such as intravenous 

administration as a bolus or by continuous infusion over a period of 
time, by intramuscular, intraperitoneal, intracerebrospin&l , 
subcutaneous, intra-articuiar , intrasynoviai, intrathecal, oral, 
topical, or inhalation routes. Intravenous administration cf the 

25 antibody is preferred. 

Other therapeutic regimens may be combined with the 
administration of the antibodies of the instant invention as noted 
above. For exacr.ple, if the antibodies are to treat cancer, the 
patient to be treated with such antibodies may also receive 

30 radiation therapy. Alternatively, or in addition, a 

chemotherapeutic agent may be administered to the patient. 
Preparation and dosing schedules for such chemotherapeutic agents 
may be used according to manufacturers • instructions or as 
determined empirically by the skilled practitioner. Preparation and 

35 dosing schedules for such chemotherapy are also described in 
Chemotherapy Service, Ed. t M.C, Perry {Williams & Mil kins t 
Baltimore, MD, 1992) . The chemotherapeutic agent may precede, or 
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follow administration of the antibody, or may be given 
simultaneously therewith . The antibody way be combined with an 
anti-oestrogen compound such as tamoxifen or EVTSTA™ or an anti- 
progesterone such as onapiistone (see, BP 616312; in dosages known 
5 for such molecules. 

desirable also to administer antibodies against other turner- 
associated antigens, such as antibodies that bind to one or more of 
the ErbB2, EGFR, Erb83, ErbB4, or vegf receptor [si . These also 
IQ include the agents set forth above. Also, the antibody is suitably 
administered serially or in combination with radiological 
treatments, whether involving irradiation or administration of 
radioactive substances. Alternatively, or in addition, two or more 
antibodies binding the same or two or more different antigens 
15 disclosed herein may be co-acted nis tie red to the patient. Sometimes,- 
it may be beneficial also to administer one or more cytokines to the 
patient. In a preferred embodiment, the antibodies herein are co- 
administered with a growth-inhibitory agent. For example, the 
growth-inhibitory agent may be actesinistereci first, followed by an 
20 antibody of the present invention. However, simultaneous 

administration or administration of the antibody of the present 
inveotioti first: is also contemplated. Suitable Coisages for the 
growth-inhibitory agent are those presently used and may be lowered 
due to the combined action {synergy; of the; growth-inhibitory agent: 
25 and the antibody herein. 

In one embodiment, vascularization of tumors is attacked in 
combination therapy. The anti-VEGF-E polypeptide and another 
antibody {e.g., anti-VESF} are administered to tumor-bearing 
patients at therapeutically effective doses as determined, for 
example, by observing necrosis of the tumor or its metastatic foci, 
if any. This therapy is continued until such rime as no further 
beneficial effect is observed or clinical examination shows no trace 
of the tumor or any metastatic foci. Then TNT is administered, 
alone or in combination with an auxiliary agent such as alpha--, 
beta-, or qamma-interferon, anti-HBRZ antibody, hereguiin, anti- 
hereguiin antibody, D- fact or, interleufcin-l (IL-l), interleukin-2 
(11,-2), granulocyte-macrophage colony stimulating factor {GM-CSEJ, 
or agents that promote microvascular coagulation in tumors, such as 
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anti -protein c antibody, anti-protein s antibody, or C4b bindino 
protein {see WO 91/01753, published 21 February 199.1.;, or heat or 
radiation . 

Since the auxiliary agents will vary in their effectiveness, 
5 it is desirable :o compare their impact on the tumor by matrix 

screening in conventional fashion. The administration of anti-VEGF- 
E polypeptide antibody and TNP is repeated until the desired 
clinical effect is achieved. Alternatively, the anti-VEGF-E 
polypeptide antibody is administered together with TNJT and, 

SO optionally, auxiliary agent is). In instances whore solid turners are 
found in the limbs or in other locations susceptible to isolation 
from the general circulation, the therapeutic agents described 
herein are administered to the isolated tumor or organ. In other 
embodiments, a FGF or PDGF antagonist, such as an anti-FGF or an 

15 ant.i-PDGF neutralizing antibody, is administered to the patient in 
conjunction with the anti-VEGF-E polypeptide antibody. Treatment 
with anti-VEGF-E polypeptide antibodies preferably may be suspended 
during periods of wound healing or desirable neovascularization. 
For the prevention or treatment of cardiovascular, 

20 endothelial, and angiogenic disorder, the appropriate dosage of an 
antibody herein will depend on the type of disorder to be treated, 
as defined above, the severity and coarse of the disease, whether 
the antibody is administered for preventive or therapeutic purposes, 
previous therapy, the patient's clinical history and response to the 

25 antibody, and the discretion of the attending physician. The 

antibody is suitably administered to the patient at one time or over 
a series of treatments. 

For example, depending on the type and severity of the 
disorder, about 1 fig/kg to SO rag/ kg (e.g., 0.. 1.-20 mg/kg; of antibody 

30 is an initial candidate dosage for administration to the patient, 

whether, for example, by one or more separate sd^niscrations, or oy 
continuous infusion. A typical daily or weekly dosage might range 
from about 1 fig/kg to 100 mg/kg or more, depending on the factors 
mentioned above. For repeated administrations over several days or 

35 longer, depending on the condition, the treatment is repeated or 
sustained until a desired suppression of disorder symptoms occurs. 
However, other dosage regimens may be useful. The progress of this 
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therapy is easily monitored by conventional techniques and assays, 
including, far example, radiographic tumor imaging, 

3- j - 1 ^_ t ibud j. e.s 

An article of manufacture containing a container with the 
5 antibody and a label is also provided. Such articles are described 
above , wherein the active agent is an anti-VSGF-E antibody, 

' ■ L _ _ ■ - t L 

If the indication for which the ant.ibod.ifS3 are used is cancer., 
while ceil- surface proteins, such as growth receptors overexpressed 

10 in certain tumors, are excellent targets for drag candidates or 

tumor (e.g., cancer} treatment, the same proteins along with VEGF-E 
polypeptides find additional use in the diagnosis and prognosis of 
tumors. For example, antibodies directed against the VEGF-E 
polypeptides may be used as tumor diagnostics or prognostics. 

15 .Tor example, antibodies, including antibody fragments, can be 

used qualitatively or quantitatively to detect the expression of 
genes including the gene encoding the VEGF-S polypeptide . The 
antibody preferably is equipped with a detectable, e.g., fluorescent 
label, and binding can be monitored by light microscopy, flow 

20 cytometry* fluorimetry, or other techniques known in the art. Such 
binding assays are performed essentially as described above. 

In sicu detection of antibody binding to the mar ice r gene 
products can be performed, for example, by isnmunof 1 uoreacence or 
immune-electron r.nc.r pj ' this pur; , tologi 

25 specimen is removed from the patient, and a labeled antibody is 

applied to it, preferably by overlaying the antibody on a biological 
sample. This procedure also allows for determining the distribution 
of the marker gene product in the tissue examined . It will be 
apparent to those skilled in the art that a wide variety of 

30 histological methods are readily available for in situ detection. 

The following examples are offered for illustrative purposes 
only, and are not intended to limit the scope of the present 
invention in any way. 

all patent and literature references cited in the present 

35 specification are hereby Incorporated by reference in their 
entirety. 
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EXAMPLES 

Commercially available r«agerU:s referred to in the examples 
were used according to rsanuiactursr ! « instructions unless otherwise 
Indicated. The source of those cells identified in the following 
examples, and throughout the specification, by ATCC accession 
numbers is the American Type Culture Collection, Manassas, Virginia. 



. " 'It-hi ; ' r - i. - i 7 1 - » ; ' ^ v .-^ j. _____ 

10 (VBBr-E) 

Probes based on an expressed sequence tag {EST} identified 
from the incyte Pharmaceuticals database due to homology with VEGF 
were used to screen a cDNA library derived from the human glioma 
cell line Gel. In particular, Incyte Clone "INC1302516" was used to 

15 generate the following four probes; 

(SSQ ID NO: 3) 5 ' - ACTTCTCAGTGTCCATAAGGG ; 

(SEQ ID NO: 4) 5 ' -GAACTAMGASftACCGATACCATTTTCTGGCCAGGTTGTC ; 
<SSQ ID NO: 5) 5 ' -CACCACAGCGTTTAACCAGG; and 
{SSO 10 NO: 6} 5 * -ACAACAGGCACAGTTCCCAC . 
20 Sine positives were identified end characterized. Three 

library and were identical with the gi ioraa-darived sequence with the 
exception of one nucleotide change, which did not alter the encoded 
25 amino acid. 



E -AMELE ^ , p ' __ nt. truces 

For mammalian protein expression, the entire open reading 
frame <ORF) was cloned into a CMV-hased expression vector. An 

30 epitope-tag {FLAG™, Kodak; and Hist idine- tag (His8; were inserted 
between the ORF and stop codon. V£GF-E-His8 and VEGF-E-FLAG were 
trans feet ed into human embryonic kidney 293 ceils by Super Feet™ 
(Qiagen) and pulse-labeled for 3 hours with { 3S S 5 methionine and 
! 3S C) cysteine. Both epitope- tagged proteins co-migrate when 20 

35 microliters of 15-roid concentrated serum- free conditioned medium 
were electropdoresed on a polyacrylamide gel (Novex) in sodium 
dodecyl sulfate sample buffer (SDS-PAGE) . The VSGf-F-igG expression 
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plasinid was constructed by cloning the OSF in front of the hmaan Fc 
(IgG) sequence. 

The VEGF-K- .1'oG plasinid was ra-s rans f acted with Baculogold 
Bacuiovirus™ OKA i Pbarmingen} using Lipofectin™ {GibcoBRL} into 10 s 



for the first viral amplification by infecting Sf 9 cells at an 
approximate multiplicity of infection <;-30Ii of 10. Ceils were 
incubated for 3 days, then supernatant was harvested, and expression 
of the recombinant plasiaid was determined by binding of 1 ml of 
supernatant to 30 ul of Protein-A 3epharose Ttl beads 
(Pharmacia) followed by subsequent SDS-PAGE analysis, The first 
amplification supernatant was used to infect a 500 ml spinner 
culture of Sf9, coils grown in SSF-921 medium (Expression Systems 
LLC) at an approximate MOI of 0.1. Cells were treated as above, 
except harvested supernatant was sterile filtered. Specific protein 
was purified by binding to Protein -A Sepharose 4 Fast Flow** 
(Pharmacia) column. 

EXAMPLE 3: Northern blot analyses 

Blots of human poly (A; + from multiple adult and fetal 
tissues and tumor cell lines were obtained from C.I on- eon [Palo Alto, 
CAi . Hybridization was carried cut using -^P- labeled .probes 
containing the entire coding region and washed in 0.1 x 3SC, 0.1% 
SOS at 63 °C. 

VBGF-B HtENA was detectable in fetal lung, kidney, brain, and 
liver and in adult heart, placenta, liver, skeletal muscle, kidney, 
and pancreas. VEGF-E mRNA was also found in AS4 9 lung 
adenocarcinoma and HeLa cervical adenocarcinoma cell lines. 



EXAM § _±-_ v - _ _ ~' i_^-~^2L 

In situ hybridization is a powerful and versatile technique 
for the detection and localisation of nucleic acid sequences within 
35 cell or tissue preparations. It may be useful, for example, to 

identify sites of gene expression, analyze the tissue distribution 
of transcription, identify and localize viral infection, follow 
changes in specific tnftNA synthesis, and aid in chromosome mapping. 
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In situ hybridization was performed fallowing an optimized 
version of the protocol by Lu and Gillett, Cell Vision 1; 169-176 
(1994), using PCE~generated 33 P- labeled riboprobes. Briefly, 
formal in- fixed, paraffin-embedded human tissues were sectioned, 

5 deparaffinized, deproceinated in proteinase K (20 g/ad) for IS 

minutes at 3?*C, and r t r r^ ,<. r hru; ion as 

described by Lu end Gillett, supra, A { :i:i -P> OTP-labeled antissnse 
ribcprobe was generated from a PCR product of 980 bp (using the 
oligonucleotide printers indicated below} and hybridized at 55 8 C 

10 overnight. The slides were dipped in KODAK nuclear track 

emulsion and exposed for 4 weeks. 



5 : 'P-Ri bop robe synthesi s 

6.0 [11 {125 mCi) of 33 P-0*?P (Amershsm BF 1002, SA<2000 
Ci/aanol) were speed- vacuum dried. To each tube containing dried 
M P-UTP, the following ingredients were added; 

2.0 pi 5x transcription buffer 

1.0 jU DTT {100 asH) 

2.0 |il HTP aix {2.5 raM : 10 pi each of 10 nW GIF, CTP £ ATP + 
10 |il H;>G) 

1.0 jil OTP (50 pM) 

1.0 pi RKAsin 

1.0 pi DRA template (i fig; 

1.0 til HjO 

1.0 ul SNA polymerase {for PCR products T3 ~ AS, 17 « 3, 
usually) 

The tubes were incubated at 3?°C for one hour. A total of 1.0 
pi RQ1 DNase was added, followed by incubation at 37*C for 15 
minutes. A total of 90 ui TE {10 mtt Tris pH 7.6/1 mM EDTA pH 8.0) 
was added, and the mixture was pipetted onto DE81 paper. The 
i ^ x „ - i i - Ltrafiltrai iot 

unit, and spun using program 10 {6 stinutes) . iha filtration unit 
was inverted over a second tube and spun using program 2 (3 
minutes) . After the final recovery spin, a total of 100 |ii IE was 
added. Then 1 ul of she final product was pipetted on DE81 paper 
and counted in 6 ml of BIOFLUOR I I™ , 

The probe was run on a TBS/urea gel. A total of 1-3 pi of the 
probe or 5 pi of 3KA Mrk ITT was added to 3 pi of loading buffer. 



WO 99/47677 PC TAJ mm 1 90 

102 

After heating on a 95 °C heat block, for three minutes, the gel was 
immediately placed on ice. The wells of gel were flushed, and the 
sample was loaded and run at 180-250 volts for 45 minutes. The gel 
was wrapped in plastic wrap (SARAN™ brand) and exposed to XAK film 
5 with an intensifying screen in a -70*C freezer one hour to 
overnight: . 



~H\ : . ■ 

A. t etrea tiae; fj ' ' ) h 

10 The slides were removed from the freezer, placed on aluminum 

trays, and chawed at room temperature for 5 minutes. The trays were 
placed in a 55 »C incubator for five minutes to reduce condensation. 

The slides were fixed for 10 minutes in 4% paraformaldehyde on ice 
in the fume hood, and washed in 0.5 x BSC for 5 minutes, at room 

15 temperature (25 ml 20 x SSC + 975 mi s.c. H a O) - After 

deproteination in 0.5 ug/ml proteinase K for 10 minutes at 37*c 
(12.S fil of 10 mo /ml stock in 250 mi prewarmed RNAse-free RNAse 
buffer), the sections were washed in 0.5 x SSC for 10 minutes at:, 
room temperature. The sections were dehydrated in 70%, 95%, and 

20 100% ethanol, 2 minutes each. 



B. Pre 1 1 e j " r -'^ 'ir i _^ t.v..s 

The slides were deparaf finxzeo, piaoed in s.c. H 4 0, and rinsed 
twice in 2 x SSC at: room temperature, for 5 minutes each time. The 
25 sections were deprcteinated in 20 jig/ml proteinase K {500 u.l. of 10 
mg/ml in 250 ml RNAse-free RNAse buffer; 37*c, 15 minutes) for human 
embryo tissue, or 8 x proteinase K (100 u.1 in 250 mi RNAse buffer, 
37°C, 30 minutes) for formalin tissues . Subsequent rinsing in 0.5 x 
SSC and dehydration were performed as described above. 

30 

C. Prehybri dization 

The slides were laid out in a plastic box lined with Bay, 
buffer H x SSC, 50% formamide) , The filter paper was saturated. 
The tissue was covered with 50 ul of hybridization buffer (3.75 g 
35 dextran sulfate + S mi s.c- H 3 0) , vortexed, and heated in the 

microwave for 2 minutes with the cap loosened. After cooling on 
ice, 18.75 ml formamide, 3.75 mi 20 x SSC, and 9 ml s.c. H?0 were 
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added, and the tissue was vortexed well and in; 
4 hours. 
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icufoated at 42'C for 1- 



D - H ybridization 

5 1.0 x 10 s cpra probe and 1.0 ui tRNA (50 mg/rol stock) per slide 

were heated at 95*C for 3 minutes. The: slides were cooled on ice, 
and 48 ui hybridisation buffer was added per slide. After 
vort axing, 50 pi JS P mix was added to 50 pi prehybridxzation on the 
slide. The slides were incubated overnight at 55*0. 

fO 

£ . Washes 

Washing was done for 2x10 minutes with 2xSSC, EDTA at room 
temperature {400 ml 20 x SSC + 16 ad 0.25 M EDTA, V £ »4L} , followed 
by RNAseA treatment: at 37*C for 30 minutes (500 pi of 10 mg/ml in 
15 250 ad RKAse buffer » 20 Jig /ml) , The slides were washed 2x10 

minutes with 2 x SSC, EDTA at room temperature. The stringency wash 
conditions were as follows: 2 hours at 5S*C, 0.1 x SSC, EDTA (20 ml 
20 x SSC t 16 ml EDTA, V if «4L) . 

20 F . 01 i go nuc leatide gr Imer s 

In situ analysis was performed on the ONA29101 sequence 
disclosed herein. The oligonucleotide primers employed to prepare 
the ribopro.be tot these analyses were as follows . 

25 pit S'-GGA TIC ?AA TRC GAC TCA CTA TAG GGC GGC GGA ATC CAR 

CCT GAG TAG {SEQ ID NO:?} 

p2 5 * " CTA TGA AAT TAA CCC TCA CTA AAG GGA GCG GCT ATC CTC CTG 
TGC TC (SEQ 10 HO: 8} 

30 

G. Results 

The results tross this in situ analysis were as follows. 
For toe lower human fetal limb, there was expression of VEGF-E 
in developing lower limb bones at the edge of the cartiiagenous 
35 anlage (i.e., around the outside edge!, in developing tendons, in 
vascular smooth muscle, and in cells embracing developing skeletal 
muscle myocytes and myotubes. Expression was also observed at the 
epiphyseal growth plate. There was human fetal lymph node 
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expression of VE0F~E in the marginal sinus of developing lymph 
nodes. There was human fetal thymus expression in the subcapsular 
region j. r "-" thymic cortsx, possibly representing either the 
subcapsular epithelial cells or the proliferating, double-negative 

5 thymocytes that are found in this region. The human fetal spleen 
was negative for expression. 

Trachea expression of VEGF-E in the smooth muscle of human 
fetal tissue was observed. There was human fetal brain (cerebral 
cortex) focal expression of VEGF-E in cortical neurons. The human 

SO fetal spinal cord was negative. There was human fetal snail 

intestine expression of VEGF-E in smooth muscle. in addition., there 
was human fetal thyroid generalised expression of VEGF-E over 
thryoid epithelium. The human fetal adrenal gland was negative. 
Liver expression of VEGF-E in human fetal ductal plate cells was 

{5 observed, as well as human fetal stomach expression in raural smooth 
muscle and human fetal skin expression in basal layer of the 
squamous epithelium. In addition, there was human fetal placenta 
expression of VEGF-E in interstitial cells In trophoblastic villi, 
and human fetal cord expression in the wail of the arteries and 

m veins . 

"When tested in superovuiated rat ovaries, ail sections, 
control and superovulated ovaries, were negative with both anti sense 
and sense probes . Either the message was not expressed in this 
model, or the human probe does not cross react: with rat. 
25 High expression of VEGF-E was observed at the following 

additional sites: 

chimp ovary - granulosa ceils of maturing follicles, lower intensity 
signal observed over thecal cells. 

ohj.rrp parathyroid ~ hi gn expression over chief ceils. 
30 human dotal testic -• moderate express Lor; over' crrcracl ceils 
surrounding developing tubules 

human fetal lung - high expression over chondrocytes in developing 
bronchial tree, and low level expression over branching bronchial 
epithelium. 

35 Specific expression was not observed over the renal cell, 

gastric and colonic carcinomas. 

The fetal tissues examined in the above study C512-E16 weeks) 
included; 
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placenta, uasbilical cord, liver, kidney, adrenals, thyroid, lungs, 
heart, great vessels, oesophagus, stomach, small intestine, spleen, 
thymus, pancreas, brain, eye, spinal cord, body wall, pelvis and 

The adult tissues examined in the above study included: 
liver, kidney, adrenal, myocardium, aorta, spleen, lymph node, 
pancreas, lung, skin, cerebral cortex (rm} , hippocampus (rm>, 
cerebellum (rm) , penis, eye, bladder, stomach, gastric carcinoma, 
colon, colonic carcinoma, and chondrosarcoma, as well as tissues 
having acet oral nophen - induced iivsr injury, ana horacic cirrhosis . 

In summary, the expression pattern suggests chat VEGF-E may be 
involved in cell differentiation and/or proliferation. Expression 
patterns in developing skeletal muscle suggest: that the protein may 
be involved in myoblast differentiation and/or proliferation, 

gXAriPLE ; Myoc yte hype r i: rooty as -a ay 

Myocytes from neonatal Harlan Sprague Dawley rat heart 
ventricle (23 days gestation) were plated in duplicate at 75000 
cells/ml in a 96-well plate. Ceils were treated for 48h with 2000, 
200, 20, or 2 ng/ml VSGF-S-XgG. Myocytes were stained with crystal 
violet to visualise morphology and scored on a scale of 3 to 7, 3 
being nonst: insulated and ? being full-blown hypertrophy , 

2000 nq/ ml and 200 ng/ ml VSGf-S caused hypertrophy, scored 



t^L . - . . x ^ < t a cay 

'•Souse embryonic fibroblast C3H10T1/2 cells (ATCC5 were grown 
in 50:50 Ham's F-12; low glucose D«EM medium containing 10% fetal 
calf serum IFCS) . Ceils were plated in duplicate in a 2 4 -well plate 
at 1000, 2000, and 4000 cells/well. After 48 hours, ceils were 
switched to iaedium containing 2% FC.S and were incubated for 72 hours 
with 200, 800, or 2000 ng/rrd VEGF-E or no growth factor added. 

Approximately 1.5 fold greater number of cells were measured 
in the presence of 200 ng/rcl VEGF-E as in its absence, at all three 
ceil densities. 



EXAMPLE 7 ^ Endot helial cell survi val assay 
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Human umbilical vein endothelial cells {HOVEC, Cell Systerasi 
were maintained in Complete Media (Ceil Systems} and plated in 
triplicate in serum -f res medium (Basic; Media from Ceil Systems 
containing 0.1% BSA) at 20,000 cells/well of a 48-weli plate. Cells 
5 were incubated for 5 days with 200 or 400 ng/ml VEGF-E-IgG, 100 

Survival was 2-3 times greater with VEGF-S a;: compared to lack 
of growth factor addition. VEGF and basic 5X3 F were included as 
positive controls. 

10 

' Ihhui - » j.^ ' £ e theli ai tube form i ; 

This assay follows the assay described in Davis and Caraariilo, 

t jj <. _ "> 1 , * i .!> Jifi-vS £z> 

it as follows: 

15 l- - ^; t N b cells (passage number less than 8 from primary) are 
mixed with type I rat tail collagen, final concentration 2,6 rag /ml 
at a density of 6 x .10* cells/mi and plated at SO fil per well on a 
96 -well plate. The gel is allowed to solidify for 1 hr at 37 
then 50 ji.1 per well of M199 culture media supplemented with 1% FB$ 

20 and a VEGF-E sample (at dilations of 1%, 0.1%, and 0.01%, 

respectively} is added along with 1 6~ERM-FITC dye to stain 
vacuoles while they are forming. Cells are incubated at 37*0/5% CO; 
tor 48 hr, fixed with 3.7% formalin at room temperature for 10 
minutes, washed with PBS five times, then stained with Rh-Phailoidin 

25 at. 4"C overnight followed by nuclear staining with 4 JlM DAP I . 
1. Apopcosis Assay 

This assay will identify factors that facilitate cell survival 
in a 3 -dimensional matrix in the presence of exogenous growth 
factors (VEGF, bFGF without PMA) . 

30 A positive result is equal to or leas than 1. 0 - no 

apoptosis, 1 » less than 20% ceils are apoptotic, 2 » less than 50% 
ceils are apoptotic, 3 « greater than 50% cells are apoptotic. 
Stimulators of apoptosis in this system are expected to be apoptotic 
factors, and inhibitors: are expected to prevent or lesser apoptosis. 

35 2 . Vacuoles Assay 

This assay will identify factors that stimulate endothelial 
vacuole formation and lumen formation in the presence of bFGF and 
VEGF (40 ng/ml; , 
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.a. positive result is equal to or greater than 2, 1 ~ vacuoles 
present in less than 20% of cells, 2 - vacuoles present in 20-50% of 
cells, 3 - vacuoles present in greater than 50% of cells. This 
assay is designed to identify factors that are involved in 
5 stimulating pinoeytosis, ion pumping, permeability, and junction 

This assay is to identify factors that stimulate endothelial 
tube formation in a 3-dimensionai matrix. This assay will identify 
50 factors that stimulate endothelial cells to differentiate into a 
tube-like structure in -a 3-dimensional matrix in the presence of 
exogenous growth factors {VEGF, bFGF} . 

A positive result is equal to or greater than 2. I - cells 
are all round, 2 « cells are elongated, 3 ~ ceils are forming tubes 
15 with some connections, 4 - ceils are forming complex tubular 

networks. This assay would identify factors that may be involved in 
stimulating tracking, ehemotaxis, or endothelial scape change. 

The results are shown in Figures 3 through 5. Fig. 3A shows 
the HUVEC tube formation when no growth factors are present. Fig, 
20 38 shows where VEGF/foFGF, and PKA are present, Fig. 3C shows where 
VEGF and bFGF are present, Fig. 3D shows where VEG? sad PMA are 
present, Fig, 3£ shows where bFGF and PMR are present, Fig. 3F shows 
where VBGF is present, Fig. 3G shows where bFGF is present, and Fig. 
3H shows where PMA i.s present. 
25 Figs. 4A and 4B show, respectively, the effect on HOVSC tube 

formation of VEGF-E-XgG at 1% dilution and of 3 buffer control (10 
mM BEFES/G . 14M SaCl/4% mannitol, pH 6.8) at 1% dilution. Figs. 5A 
and 5E show, respectively, the effect on kovec tube formation of 
VEGF-E-poly-hi s at 1% dilution and of the buffer control used for 
30 VEGF~E~IgG at 1% dilution. 

The results clearly show more compieK tube formation with the 
VEGF-E-IgG and VEGF~'S~poiy-his samples than with the buffer 
controls , 



Transgenic mice were generated by microinjection of 
C57B1/6/SJL F2 mouse embryos ; DMAX ; with a vector suitable for such 
microinjection containing the cONA encoding VEGF-E under the control 
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of a keratin promoter iXie ec al . , Mature , 391 : 90-' 
driving expression, in the skin. 

Transgenic pups were wrinkled and shiny at foi; 

weeks of a«e . There were no detectable histopathic 



SXAi-jPLS 10 : . Product i on of a n" :1 b odies 

Polyclonal ant i sera were generated in female New Zealand White 
rabbits against tas&an VEGF-E . The protein was homogenized with 
10 Freund's complete adjuvant for the primary injection and with 
Freund's incomplete adjuvant for all subsequent boosts . For the 
primary immunization and the first boost, 3.3 \ig per kg body weight 
was injected directly into the popliteal lymph nodes, according to 
Bennett et a< , J. Biol. Chen-,. 266: 230$Q->3067 .1991); and 
15 "Production of Antibodies by Inoculation into Lymph Nodes" by Sig«X : 
Sinha and Vandrr m,i - i Otolog y, Vol. 93 (New York: 

Ac.adeta.ic Press, 1983). For all subsequent boosts, 3,3 jig per kg 
body weight was injected into subcutaneous and intramuscular sites. 
Injections were done every 3 weeks with bleeds taken on the 
20 following 2 weeks after each injection. The polyclonal ant.Lssra 
thus obtained contained antibodies binding VEGF-E, as revealed by 
i i ot f xt <>r ~atents . 

r;x ¥lLIiL 1 ' ; - rr^hluitipu of VEGr-;:timulated endot helial cell ihCZ 

Bovine adrenal cortical capillary endothelial cells {ACE 
cells} (from primary culture, maximum of 12-14 passages) were plated 
in 96- well plates at 500 cells/well per 100 microliter. Assay 
media included low glucose DMEM, 10% calf serum, 2 mM glctamine, and 
IX penicillin/streptomycin/ fungizone. Control wells included the 
following: (1) no ACE ceils added; (2) ACE cells alone; (3) ACE 
cells plus 5 ng/nti FGF; (4} ACE cells plus 3 ng/ml VSGF; (5) AGS 
cells plus 3 ng/ml VSGF plus 1 ng/ml TGF-beta; and (6? hC.E cells 
plus 3 ng/ml VEGF plus 5 ug/mi L1F. The test sample, poiy-his 

ed EGF-E e le ides ribs i t 1 -^ Examples above; in 100 

microliter volumes) , was then added to the wells (at dilutions of 
1%, 0.1% and 0.01%, respectively). The cell cultures were xncubated 
for 6-7 days at 37*C/5% CO... After the incubation, the media in 



30 
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the wells was aspirated, and the ceils were washed IK with PBS. An 
acid phosphatase reaction mixture (100 microliter; 0.1M sodium 
acetate, pH 5.5, 0.1% Triton X-100, 10 mM p-nitrophenyl phosphate] 
was then added to each well. After a 2 hour incubation at 37 *C, the 
5 reaction was stopped by addition of 10 microliters IK HaOH. Optical 
density iOD) was measured on a isicrcpiate reader: at 405 raa. 

The activity of VEGF-E was calculated as the percent 
inhibition of V£GF {3 ng/rru) stimulated proliferation (as determined 
by the acid phosphatase activity at OD 405 nm) relative to the colls 

10 without stimulation. TGF-beta was employed as an activity 

reference- at 1 ng/ml, TGF-beta blocks 70-90% of VEGF-stimulated ACS 
cell proliferation. Results of the assay were interpreted as 
"positive" if the observed inhibition was >30%. 

In a first assay run, the VEGF-E at 1%, 0.1%, and 0.01% 

15 dilutions exhibited 52%, 90% and 96% inhibition, respectively. In a 
second assay run, the VEGF-E at: 1%, 0.1%, and 0.01% dilutions 
exhibited 57%, 93% and 91% inhibition, respectively. 

Deposit of m ate rial 
20 The following material has been deposited with the American 

Type Culture Collection, .10801 University Blvd., Manassas, Virginia 
OSA (ATCC) : 

Material ATCC Dep. No. Deposit Date 

25 DNA29101-1272 209653 March 5, 1998 

This deposit, was made under the provisions of the Budapest 
Treaty on the International Recognition of the Deposit of 
Microorganisms for the Purpose of Patent Procedure and the 

30 Regulations thereunder (Budapest Treaty). This assures maintenance 
of a viable culture of the deposit for 30 years from the date of 
deposit. The deposit villi be made available by ATCC -under the terms 
of the Budapest Treaty, and subject to an agreement between 
Genenxecn, Inc. and ATCC, which assures permanent and unrestricted 

35 availability of the progeny of the culture of the deposit to the 
public upon issuance of the pertinent U.S. patent or upon laying 
open to the public of any U.S. or foreign patent application, 
whichever cosies first, and assures availability of the progeny to 
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one determined by the O.S. Commissioner of Patents and Trademarks to 
be entitled thereto according to 35 USC §122 and the Coirtmissiooer ' s 
rules pursuant thereto {including 37 CFR §1.14 with particular 
reference to 886 OG 638} . 

5 The assignee of the present application has agreed that if a 

culture of the material on deposit should die or be lost or 
destroyed when cultivated under suitable conditions, the material 
will be promptly replaced on notrf rca-ion with another of the same. 
Availability of the deposited material is not to be construed as a 

10 license to practice the invention in contravention of the rights 

granted under the authority of any government in accordance with its 
patent laws. 

The foregoing written specification is considered to be 
sufficient to enable one skilled in the art to practice the 

15 invention. The present invention is not to be limited in scope by 
the construct deposited, since the deposited embodiment: is intended 
as a single illustration of certain aspects of the invention and any 
constructs that axe functionally equivalent are within the scope of 
this invention. 'The deposit of laaterial herein does not constitute 

20 an admission that the written description herein contained is 

inadequate to enable the practice of any aspect of the invention, 
including the best ir.ode thereof, nor is it to foe construed as 
limiting the scope of the claims to the specific illustrations that 
it represents. Indeed, various modifications of the invention in 

25 addition to those shown and described herein will beco™e apparent to 
those skilled in the art frosa the foregoing description and fall 
within the scope of the appended claims. 
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WHAT IS CLAIMED IS: 



in 



1. An isolated nucleic acid comprising a nucleotide sequence 
encoding a vascular endothelial ceil growth lactor-E ; VEGF-E) 
polypeptide comprising amino acid residues I through 345 of figure 2 
(SEQ ID TO: 25 . 

2. 'The nucleic acid of claim 1 comprising the sequence of 
nucleotides 259 through 1293 of Figure 1 5 SEQ ID HO:lJ , or its 
complement . 

3. An isolated nucleic acid comprising a nucleotide sequence 
which hybridizes under stringent conditions to the nucleotide 
sequence of claim 1, 

4. A vector comprising the nucleic acid of claim 1. 

5. A host cell comprising the nucleic acid of claim 1. 

6. The host cell of claim 5, wherein said cell is a Chinese 
Hamster Ovary cell, an insect cell, an B. coil cell, or a yeast 
eel 1 . 

7. The host ceil of claim. 6 that is a baculovirus-infected insect 
cell. 

S. A process for producing a vascular endothelial cell growth 
factor--£ (VEGF-E) polypeptide comprising culturing the host cell of 
claim 5 under conditions su 5 table tor expression of the VEGF-E 
polypeptide and recovering the VEGF-E polypeptide from the cell 
culture . 

9. A polypeptide produced by the process of claim 8. 

10. A VEGF-E polypeptide comprising amine acid residues 1 through 
345 of Figure 2 (SEQ ID MO: 2). 

11. A VEGF-E polypeptide selected from the group consisting of; 
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(a) a polypeptide comprising amino acid residues 1 through 34 5 
of Figure 2 (SSQ ID NO: 2}; and 

i'ta) a polypeptide fragment of {a), wherein said fragment is 
biologically active. 

12 . A ypsptid« 'to t i u i i r;s>; 

of ATCC deposit No. 209653, 

13. A chimeric pel ypepti de comprising toe polypeptide of claim 10 
fused to a heterologous amino acid sequence. 

14. The chimeric polypeptide of claim 13, wherein said 
heterologous amino acid sequence is; an epitope tag sequence or a Fc 
region of an immunoglobulin. 

15. A composition comprising the polypeptide of claim 10 in 
admixture with a carrier. 

16. The composition of claim 15 comprising a therapeutically 
effective amount of the polypeptide, wherein the carrier is a 
pharmaceutical Xy acceptable carrier. 

17. ft pharmaceutical product comprising: 
{a} the composition of claim IS; 

(b\ a container containing said composition; and 
(c) a label affixed to said container., or a package insert 
included in said pharmaceutical product, referring to the use 
of said VEGF-E polypeptide in the treatment of a 
cardiovascular or endothelial disorder. 

19. A method for treating a cardiovascular or endothelial disorder 
in a mammal comprising administering to the mammal an effective 
amount of the composition of claim 15, 

19. The method of claim 18 wherein the disorder is cardiac 
hypertrophy, trauma, or a bone-related disorder. 

20, The method of claim 19 wherein said cardiac hypertrophy is 
characterized by the presence of an elevated level of PGF 2s . 
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21. The tcethod of claim 19 wherein said cardiac hypertrophy has 
been induced by myocardial infarction- 

22. The method of claim 21 wherein said VEGF-E polypeptide 
administration is initiated within 48 hours following myocardial 
infarction. 

23. A method tor diagnosing a disease or a susceptibility to a 
disease related to a mutation in a nucleic acid sequence encoding 
vascular endothelial cell growth facter-E (VEGF-E) comprising: 

(a) isolating a nucleic acid sequence encoding VEGF-E frost a 
sample derived from a host; and 

(b) determining a mutation in the nucleic acid sequence 
encoding VEGF-E. 

2A. A method of diagnosing cardiovascular and endothelial 
disorders in a mammal comprising detecting the level of expression 
of a gene encoding a vascular endothelial ceil growth factor-E 
(VEGF-E) polypeptide {a} in a test sample of tissue calls obtained 
from the mammal, ana (b) in a control sample of known normal tissue 
cells of the same cell type, wherein a higher or lower expression 
level in the test, sample indicates the presence of a cardiovascular 
or endothelial dysfunction in the mammal from which the test tissue 
cells were obtained. 

25. A method foj: identifying an agonist to a vascular endothelial 
ceil growth factor-E {VEGF-E 5 polypeptide comprising: 

(si contacting cells and a candidate compound under conditions 
that allow the polypeptide to stimulate proliferation of the 
ceils; and 

{b) measuring the extent to which ceil proliferation is 
inhibited by the compound. 

26. An agonist to a VEGF-E polypeptide identified by the method of 

claim 25. 

27. A method for identifying a compound that inhibits the 
expression or activity of a vascular endothelial cell growth factor- 
E ; VEGF-E) polypeptide, comprising; 

(al contacting a candidate compound with the polypeptide under 
conditions and for a time sufficient to allow the compound and 
polypeptide to interact; and 
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;fo} measuring the extent to which the compound interacts with 
the polypeptide . 

28. A compound identified by the method of claim 27. 

29. an isolated antibody that binds a vascular endothelial ceil 
growth factor-E (VEGF--E) polypapti.de. 

30. The antibody of claim. 29 that is a monoclonal antibody. 

31. A method for determining the presence of a vascular 
endothelial coil growth factor-B (VEGF-E) polypeptide comprising 
exposing a ceil suspected of containing the VSGF-S polypeptide to 
the antibody of claim 29 and determining binding of said antibody to 
said cell. 

32. A method of diagnosing cardiovascular, endothelial, or 
angiogenic disorders in a laareatal comprising 'a! contacting the 
antibody of claim 29 with a test sample of tissue ceils obtained 
from the marshal, and ibj detecting the formation of a complex 
between the anti-VSSF-E antibody and the VEGF-E polypeptide in the 
test sample . 

33. An article of manufacture, comprising: 
a container; 

a label on the container; and 

a composition comprising the antibody of claim 29 contained 
within the container; wherein the label on the container 
indicates instructions for using the antibody in a therapeutic 
method or diagnostic method. 
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a\CGCGTCGGCC^CGCGTGG<X^ 

CCCTGCGATKTICItXrrXX^ 

TCGCE3GTC<3TOAAASA<^C^^ 

CTCACCCCAGTGfUSCCAA 

TACTAAATIXXAGTTT'KX&G^ 

C£AAGCHTTCCTCATfcCT^^ 

(IkGGAAAATOTATGGATACAA^ 

GATGACA2ATGCAAGTATC^TTI!I^ 

GGGCGCTCCHXTIQGTTCT^ 

AGC^TAAC^TTX^'IC^ 

AAC^TTGTCATOXACAAT^^ 

TXGGCAC1GGACC3!GC^^ 

C^cmrriXSGCAAGGCTTIlXn^ 

CTAAC^GAGGAGCTAAGAT^^ 

<mGAACTAA^GAACCGAm^^ 

GGTCGGAACTGTQCXrK^^ 

GTTACTAAAAAA^CC&CGAGG^^ 

CACAAATCACTCACCC^CGTCG 

GGG&GC»C&GGA<5Sa^^ 

AGSX3GCTGAlTCmre^^ 

TICAAGGACXnTItATCTTCAGGATTTAC^ 

AATTAGGAGTTGTGCAACAGCTCTITK^ 

TCAATCGTGGA\^GAAAATTAAATGTT3^ 

ACCAIXnACGTATTCCACTAGCTGGGTTC^^ 

TAATGTCACTACAGGAAAAAAACTGTGCAAG^ 

TIQCiaimTICACATAIQTAAAC^ 
AAGGAACTATXTTTCCTATGAATTAAk 

GAGATAAACCTGAAAAGAAGAGTGGCCTTATCTI^ 

GTTTCATTGTGTACATTTITATA 

CTTCHTAAATATATCTATT^ 

ATCAACTATITT^GCrTGGTAAA 

AGATGATATAAAATAT1X3TTGCTCT3AC^ 

TAGAGTTAGAl^AATCrGCAITrTAAAAAACTGAA 

AGAC^ITri^AAAATAATTAAATTATC^ 

AAA&^GCAACTTATGAAAC^ 

GGGGAAATCT^GCCTAGC^^ 

CCTGATAAAGanXXTTGl*^^ 

TXTTATTATCTIAAACTCTGTIXXA 

AGAAOTATGTCTCTTAACCAGTTCACTTA 

AAAATATTZTCCTlCTAAAATGCTrA^TA^ 

TC&AAAWKJTATTG^ 
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